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PREFACE 



The munificent gift of Mr. Wilmam Johnston has placed beside the existing 
Thompson Yates laboratories a labor.ttorv tor Bio-Chcmistry, Tropical !VIe<licine, 
Experimental Medicine, and Comparative Pathology. These laboratories are occupied 
and directed by woikert who have alreul7 ooUafaoivted in tiie ThompBon Yates Report*. 
It haS) therefore, seemed as natural as it is desirable to now issue the work emanating 
from the two sets of laboratories in a single publicatioti. The present volume is the 
first of a new series that we hope may condnue to flow from the Thompson Yates and 
Johnston I^ihoratnrics in conjunction, evidencing the utility and fruitfulness of the 
generous gift with which the public-spirited founders have cq^uippcd the University ot 
their dty. 




THE 



OPENING Ob THE JOHNS I ON LABORA'I OKIES 

THES£ new Laboratories (levotcd to Medical Research were formally o|>ened 
on the 9th May hy the Rt. Hon. Walter Long, Prcsivlent of the I^)C,il Govern- 
ment Board, in the presence ot a vl i '^fiiig*d\lied-wu.heri ng ot medical representatives 
of British and foreign countries, .yr^of a *large member uf the leading citizens of 
Liverpool. The following wert/ iShioiicst those wfi^ were present : — Professor 
NocARD, Professor Wbiobrt, l%oKssor 7Bm ARU Professor Pbrrohcito, 
Professor Bottazzi, Professor vom^^I^Pmann, Pi^ofAor Uhlworm, Drs. Ravenel, 
ZiMMERMANN, WiRiz, Brl'MI't, arm^pM.Mih^"^'^ MiciiAKi. Foster, Sir DvcB 
DrcKwoRTii, Professors Clukorij Allbu tt, Schafkkr, (ioren, Sidney Martin, 
BRAUfoRi), Stirling, Delkimne, Taevelyan, Waller, Thompson, Drs. Cot'tMAN, 
Bdlstrode, Mott, Dawson Williams, MacMunn, Steeomamn, Manry, Mr. 
F. J. Willis, Mr. William Johnston, Sir John Brvnnbr, Mr. E. K. Muspratt, 
Sir Alfred Jones, Mr. John Hughes, Mr. Sutton Timmis, Mr. John Rankin. 

DESCRIPTION OF THE LABORATORIES 

The entire block has taken eleven months to construct and to completely 
finish from the date of laying the foundation. The rapidity of construction has been 

of immense service in enabling students to take advantage without ilelay of the 
greatly increased accommcniation, in attracting workers, and in enabling IVot'essors 
Ross and Moore, the Director ot the Cancer Research (the Lecturer in I"lxpernienCal 
Medicine), Dr. GrOnbaum, and the Lecturer in Comparative Pathology, Dr. Annett, 
to start their respective lines of investigation. 

The rapid progress was facilitated by the 
simplicity of the plan of the I.aboratories. The 
essential points aimed at where — (i) maximum 
amount of light ; (2) no dark corners, corridors, 
or waste spaces of any kind ; (3) walls rendered 
itn^^ermeabk by being covered by white-glazed 
tiles; (4) floors and working benches covered 
with a new material named lito-silo, which is im- 
permeable and is moulded to sinks and fittings 
so that joints are abolished ; (5) absence of in- 
ternal partition walls, their places being taken 
by 7-fcet screens of wood and glass, thus giving 
complete ventilation to each floor and contribut- 
ing to the light ; (6) rimplicity of the gas, water, 
and electric light for each floor, so as to ensure 
immediate accessibility. 
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The laboratories were designed for post-graduate class work and for special 
research, the rooms or cubicles for the latter being very numerous on every floor. 

Labosatory of Bio-Chemistry 

The Bio-Chemical Laboratory occupies the entire top floor, and consists of 
four rooms fitted up solely fnr research work upon chemical problems connected with 
the various departments of biolngical science. 

The principal room is 60 feet long und "50 feet wide, and is well liphted by- 
ten large windows, 12 feet by 9 feet, the small remaining wall space being faced with 
whitc-glazcd tiles, a wall cuplward being fixed to each pier to hold stock reagents and 
standard solutions. A complete bdt of benches runs round the walls, and the 
middle of the room is practically divided into four working compartments by two 
large H-shaped benches, having an outside measurement of 22 feet by 16 feet. By 
thi^ nrranpjcment the labor. itor\ Jividcil info bays in w}iii.h iiivcstiu.itnr'? can work 
surrnuiKic>l nn :t!! sides working benchr^;. The floor ot the rooms and the <:np', 
of the beii^la-- are constructed of (K>lished lito-silo, a material which lends itsclt wcii 
to such purposes on account of its resiliency, warmth, and non-absorbent properties. 
Drawers and presses are fitted underneath the benches for the storage of materials 
and apparatus, a free space being, however, left in the middle of eacfi working space 
for convenience in sitting. Two large fume chambers* 9 feet by 3 feet, arc built 
into the central benches, one at each end of the room, and contain six gas jets, 
r^ulated from outsiile, so that the fittings cannot be attacked by the fumes. Sinks 
are arranged in the wall benches opposite each pier, and each of the large central 
benches is provided with eight sinks. In addition, there are two large nnks placed 
one at either end of the room for washing glass apparatus. Steam is provided by a 
main pipe carried up the track of the lift and conducted along the wall on one side of 
the room for n di«:f.ince of 18 feet, distrihntinn taps with screw-down valves hcina 
provided at intervals of 3 feet for the attathim .it nf steam baths :»nd other heating 
appliances. The steam supply is also made use of tor the production ot iiistillcd 
water by means of a suitable apparatus. 

Opening firom the south end of the large room is the Professor's Research 
Room, measuring lo feet by 16 feet, provided with working bench, fume chamber, 
and cupboards. 

To the east of this room, am^ cnmmunicating both with it and with the large 
room, is the Balance Room, provided with slate slabs for the support of the balances, 
let into the wall to ensure greater steadiness. The walls of this room are lined with 
bookcases, and there are writing tables under the witidows. 

The fourth room, situated on the west side of the Professor's room is 
designed as a working library for the use of workers in the laboratory, and is fitted 
up with bookcases and a writing table. 
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The whole laboratory is admirably lighted by large windows, and is fitted 
with the electric light. It is warmed by hot water, and ventilated by the upper {xirts 
of th« windows and by extraction shafts arranged down the centre. 

This is the first laboratory that has been constructed in Great Britun solely 
for carrying out research work in bio-chemistry. 

LABORATOaiES OF ExPSaiMCNTAt MeVICTNC AND CaNCER ReSEARCH 

The department ot txperimeiital Medicine is housed on the tirst floor. Otic 
end of the rectangle is taken up by the Director of the Cancer Research. This room 
hits window benches along the south and east sides, while in the centre are two tables, 
titted with drawers, and with sinks at each end. The mom has been equipped with 

all nccessarv ap^iartitus tor the histologics! and trxpcririu*nf:i] itivcstig:itii);i of cancer. 
Attention may be tiruun cspcc';illv to a \ cr\- rinc microscope hv Sw ift, ai.d n new 
muKing machine by Coorr, of Paris, by which tissues can be reduced to a state fine 
enough for injection with an ordinary syringe. 

In the machine room in the basement is a centrifuge and disintegrator 
belonging to the equipment of the Research. 

The otiier (north) end of the rectangle is divitlcd into two private research 
rootTis, each havinix two windows. The intervening parrion is divivlcd by a narrow 
corridor, on the cast side of which are (i) the attendants' compartment, with l;u-gc 
sink for washing up, shclvus, etc., and a large slate on which are placed the autoclave 
and Koch's sterilizer connected with the laboratory steam Mip^y ; (i) the incubator 
room, which is glazed up to the ceiling, in it are placed the incubator and the hot-air 
sterilizer, on slabs, and the glass-blower's table ; (3) a small room at present used for 
stores. 

On the west side, next the entrance door and just opposite the Krector's 
room, is the electrical room. In this is placed out of reach and danger an induction 
X-ray coil, giving a 24-inch spark ; while on the floor is a series of accumulators, 
chaiged from the main, for working the coil. .-V i. i:n; \te outfit for X-ruy work is 
provided ; also a small resonator for applying; the higfi frequency current and a large 
soienoiii within which the patient can be placetl. A new model arc lamp for 
investigating the therapeutic action of light, taking a currciit of fifty amperes, is also 
fixed in this room. It can be carefully darkened if necessary. Beyond this is a room 
for experimental pathology, and after this another research room. The Director's, 
the incubator, and the electrical room are gla/ed to the ceiling ; the others are 
s(.p;jnifrd bv 'creens or cupboards, seven feet hi^'i, u:>.! the corridor is formed in the 
same way. I here is consequently through ■ c itii.ition for the whnle floor. The 
fume chamber is placed in the corridor, and ventiUtcs into tlic main tiue. 

Belonging to the Cancer Research is also a greenhouse, in which animals 
accustomed to a tropical climate can be kept. 
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Labokatomis of TkoncAL MtDiciirB 

These are sicuated on the first floor of the Johnston Laboratories, and are 
contttued widiin a large room, about 95 feet kmg and 35 feet broad. The main part 

of the room is devoted to students, but three chambers are partitioned off for the 
special use of persons who wish to do research work in connexion with Tropical 
Medicine and Parasitology, each of these rooms having all fittintjs and appliances- for 
this purpose. One end of the flour contains the professor's room and the incubator 
room. The whole is waUed with white glazed tiles. The floor is rendered imper- 
meable hj a kyer of deep red lito-silo. Along the walls of the whole floor there runs 
a bendi for microscope work, covered with a thick layer of sea-Uue lito-sib. Electric 
light, gas, and water are suital>ly fitted at tlistances of every four yards of this hcnch 
for the use of students. The partitions of the room arc fitted with cupboards, in 
which the museum of tropical diseases, which the school is now purchasing, is being 
arranged. Steam is also laid on to the laboratory, which possesses all the necessary 
apparatus. There is accommodation for quite forty workers in the new laboratory of 
the school. 

Laboratories or Comparativi Pathology 

The Institute of Comparative Pathology occupies the basement of the new 
Johnston Labotatoiy, and comprises the lecturer's private laboratory, a general 

laboratory, inciibritinc room, sterilising room, and a p^^t-mcrtem room. 

1 he lahoratoncs arc tittcd with wintiow benches and tables, and have a 
complete outfit of gas, water, and electrical fittings ; the walls are tiled with white 
glazed tiles, and the floors and bench tops are covered with lito-silo. Each side of 
the partitions dividing the area into sections is fitted with cupboards, which will be 
largdy utilized for museum purposes. The post-morum room wiU be fitted with 
Zpcst-nT>rtfm table for I.irge anim^l«=. 

TIk'sc hihoratnrics will be Un iiished tor lectures, demonstrations, and practical 
work in tiic subjects of comparative pathology and bacteriology, and also for the 
testing of various vaccines and sera prepared at the Institute's Farm Station. Facilities 
will also be afibrded for acquiring the technique necessary for the manufacture of 
these products, and also for research work. Practical instruction in the physiological 
and patholdLiic.iI actions of these and allied substances will also be provided. 

Tlu t.irm in connection with the !n»;?!nitc is favourably situated in a most 
suitable and accessible agricultural district in Noi tii Cneshire. It has been provided 
with laboratories, fitted up with modern scientific appliances and apparatus for the 
production on a large scale of vaccines and sera, A general bacteriological 
laboratory, an incubating room, mixing, distributing, and sterilizing rooms, and a 
separate room specially set apart for the preparation of calt-lymph vacc'nie, rtnd 
another room for plague prophylactic and serum, make up the laboratory accommo- 
dation. 
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The preparation of the various sera and vaccines will be carried on at the 
farm stadon, and opportunities will be afforded to those interested in the subject to 

acquire the principles of their manufacture, and also to avail themselves of the 
practice in veterinary science at the out-patient department shortly to be established. 

Machine Room 

A Inrpe room has been fitted in the Thompson Yates l;iIinratories with 
apparatus tor the use of the various research department*;. Sh ittiri:; running the 
length of the room is driven by a lo horse-power motor, aiui fr i.-n the sliaft is 
driven an hydraulic press giving a total pressure of zoo tons, a high-pressure filtering 
apparatus, and gas Kquefier, and a powerful centrifuge. From a smaller motor and 
shafting is driven a large centrifuge^ a vaocinc mill, a bacterial mill and disintegrating 
apparatus. The shafting is so constructed that new apparatus can be added as 
occasion requires. 

Manufacture or Media 

A special room has been set apart for the preparation of media, which is now 
required in large quantities. A mediod winch has proved very useful is the use <tf 
various coloured cotton pltigs to distinguish the numerous sugar and other media. 
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OPENING SPEECHES 

On the evening of the 9th May, a banquet, presided over by Mr. William 
Johns roN, was given tu Mr. Walter Long and the numerous distinguished guests 
who hwi come to Liverpofd for die opening of the new Labontorie*. The Lord 
Mayor of Liverpoo], at the request of the Chairman, proposed the toast of the 
Right Hon. Walter Long; Sir Michasl Foster replied to the toast of Science 
and Commerce given by Sir Alfrhd Joxks ; and Dr. Ravenbl, Professors Nocard, 
W'kioert, and I'erroncito replied to the toast nf • Our Foreign Guests * given by 
Sir John Brunxkr. The following s[x;cc(ich were delivered by Dr. Raven£L and 
Professors Nocard, Weigert, and Perroncito : — 

Dr. RAVENEL'S REPLY TO THE TOAST 

Mr. Chairman, My Lord Mayor, Mr. Long, and Gentlemen 

In the name of my country I beg to thank Sir John BRtrNNBit most heartily 
for the warm terms in which he has spoken of the foreign guests, and especially for 

the most flattering references made by him to America, and beg to assure him that 
whatever tiding (it K-Mig strangers we mnv have had on our arrival, was quite dispelled 
by the warm welcome accorded to us in his city as well as by his words to-night. I 
could well wish that the task of representing America had been entrusted to more able 
hands ; I trust that I am not one of those guilty of the crime, often charged against 
my countrymen, of squeezing the eagle on every occasion to make him scream his 
loudest. Well, I confess to such faith in my country that I feel that the best we 

have, there is r.rmt: too [^ood fn re['resent her <>n any occasion whatsoever. Yciu can 
understand then what ni\ tcci: iij^s are in being asked t'> rejires-.'nt htr mi ,in occasion 
so memorable as this. Graced by an ;isseml)ly of men, prominent in all walks ot 
lite, gathered togctherincelebrationof the opening of laboratories, which I may, with- 
out exa^oation, say give the promise of the opening of a new era in Preventive 
Medicine. 1 have been asked to give some account of what is done in the United 
States of America tor the cure of diseases of ;!'^ima1'* in general, and tsiK-cial'v ttf rhir-e 
diseases transmiss ble to man. We have in Was[iiirjrton a central licjUriiTU-nt, uruier 
the charge of the Secretary of Agriculture, known as the Bureau of Animal industry, 
now underthe able care of Dr. Daniil £. Salmon, a veterinarian of distinction. In this 
department there are the following sub-divisions : — a Laboratory of Bio-Chemistry, 
under the charge of Dr. de SctiwEiNi rz, which employs, as a rule, from twelve to 
fifteen men ; a Pathological division, under the charge of Dr. Mohlbr, with about 
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the mme number of workers as the dairy division, which has chaise of matters 
pertsuning to the dairy industry. In ad^tion to these departments there are employed, 

under Dr. Dt ScNWBtNiTZ, about 2,500 meat inspectors. Many employed in the 
examination of meat at the slaughttr-hoi.ise<;, while others nre employed in the micro- 
scopic division for the detection of trichinae, and other such diseases ; many of the 
latter being women. 

Bendes this central bureau, each State has Us own laws and regulations to meet 
local and individual necessities. For instance, in the State of Pennsylvania we have 
a State Live Stock Sanitary Board, consistingof the Governor of the State, a Secretary 
oi Agriculture, a Dairy and Food Commissioner, and the State Veterinarian, and under 
this Board is a Bacteriological laboratory, ot which I have charge ; in which dia{>nostic 
and research work is earned out. There are also in the Sutc of Pennsylvania a 
Forestry Commisdoner, an Entomologist, a Geologist, and a number of Chemists, so 
that it will be seen that the number of trained scientific men empbyed in our country 
is quite huge. There is also in Pennsylvania a State College in whidi especial attention 
is given to the testing of foods and fertilizers, and to the instruction of young men in 
the principles of scientific Agriculture and Dairy Farming. 

The invitation to attend the opening of the Johnston Laboratories was especi- 
ally a welcome one to me, and came like a command. Our recent responsibilities in 
the acquisition of the Philli|Mne Islands, in Cuba and Porto Rico, and the Isthmian 
Canal, as well as die doser relationships which have been established between my 
country and tropical muntries in matters of trade, have forced u 1 ;s, so to speak, 
thf !icces<;ity of careful study of the diseases incident to these climaces, so that I 
immediately realised the great opportunity presented u> nic of learning from ti.ose 
who have for some years prosecuted studies so rich in results, as you have associated 
with you in Liverpool in your Tropical School. Your school has more than justified 
its existence, and where it not that it has such sober truth, it would seem fulsome for me 
to add to what has already Wen said in praise of the magnificent munificence of Mr. 
Johnston in establishing; the Johnstoti Laboratories. We tan understand, hoivever, 
the absolute confidence witli \sh;ch he ha"; civen this monev wJien \ve glance o\er the 
history of your school tor the past four years, and which in that short tune has 
established^ itself a reputation equalled by none in the world. In going through 
the laboratories as we have done to-day, I am sure that all of us foreigners, as well as 
your own people, must have received inspiration, and it was difFcult to know what 
to admire most, the far-sighted generosity which had established these laboratories 
or the brain which had planned and equipped the building. We feel sure, however, 
that like the af^ratus so substantial, solid, and of the best quality, the work turned 
out from these laboratories will be of an enduring and lasting character — a boon not 
to the University, not to Liverpool, not to England even, but to the whole world. 
The interest of other people in these laboratories is attested by the number of scientific 
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men who have conic froin great diatanccs to attend yoar ccranoniea. Their presence 
is an indication of that finest of all rivalrie* in which each nation strives to out-run the 
others in discoveries for the prevention <^ disease — discoveries which once made are 

not patented, nor copyrighted, nor controlled in any manner whatever, hut given 
trcci}' to suftcring humanity ot every nation and of every clime. The meeting this 
afternoon, as well as this gathering to-night, is unique as far as my experience 
goes in one other point, viz. : — 'The number of business men who are here with 
your scientific men, apparently all as deeply interested and concerned as are the 
scientific men themselves. It is an inspiring sight, and one full of hope for the 
scientific man of the future. 

In conc!u<;ton, Mr. Chairman, 1 hci: to thank you personally for my<;clf, as 
well as for my country, for the generous hospitahty which you have accorded me. 

Professor NOCARDS RJiPLY TO THE TOAST 

MlSSIEURS 

Je m' excuse de parler en frangiis ; i'ai pour ccla uiie Honne raison ; c'cst que 
jc nc sais pas parler anglais ; je nc i'ai jamais autaiu regntte qu' auiourd' hiii. 

Pourtant, si je vous inflige I'ennui d ecouter un mauvais dtscuurs fran^ais, il 
ne iaut pas trop m'en vouloir. Cest la iaute de mon ami Boycb. Je Tavais pri^ de 
confier ce toast k mon colMgue Blancmard ; Bovca n*a pas voulu ; il pr&tend que c*est 
le droit et Ic devoir du plus ancien. 

Le droit d'anciennete ! Cnmmc on y renoncerait avec joic ! 

Pourtant Blancharo ^tait bien micux qualifii que moi pour parler au nom des 
Kran^ais ici prints. 

D'abordy il a le don des hngues ; il parle TanglaiS) rallemand^ lltalien, presqu' 
aussi bien que le fran^is. 

En secotid lieu, c'cst i coup sOr, parmi nous tous, celui qui cxinnait le mieuz 
I'oeuvre considerable que vous avc/. accomplie ; c'est lui qui vouS Ta fiut COnnaitIV 
en France ct qui nous a donne le desir de !a voir de plus prc^. 

Enfin c'cst surtout a lui que nous dcvons d'avoir pu jeter en France les bases 
d*une Ecole de Midedne Coloniale analogue, dc loin — oh ! de bien loin hilas ! — 
i cdle de Liverpool. 

A tons ces titres, Blanchard vous aurut dit,beaucoup mieux que moi, combien 
nous avons £t£ touches do votregradeuse invitation, combien nous sommes heureux 
tl'avnir vu ces supcrfn-s laboratoires dont vous a dott's la munificence ^clair^e de vos 
concitoycns, com^i <, nous vous sommes reconnaissants du grand example que vous 
donnez au motiiic et dus idces fecondes que nous emporterons cie Liverpool. 

J'itais charge tout spccialement de vous apporter les compliments et les voeux 
de rinstitut Pasteur de Paris et de I'Ecole Vitirimure d'Alfort. MM. Dvclavx, 
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Roirx, LavbRan, Mrtciimkoff ccttc piciadc dc savants dont nousaommes si fiersen 
France, et en qui revit Fesprit de Pasteur, m'avaient charg^ de vous expiimer tOUS 
Icurs regrets de ne pouvoir a<^stsfer h votre belle ftte. 

Mais puisqu' aussi hien, mon ami BovcE men a fait une obligation, c'est au 
nom dc tous mes compatriotes ici presents— MM. Blancharo, Wurtz, Brumpt, 
et PoLAiLLON, qui appartiennent tous k TEcole (rancatse de M£d«cine Colonialc — que 
je vous prie d'agrder rexpressioii bien sincere et bien cordiale, de nos remerdments 
de nos felicitations ct tie nos vocux. 

Messieurs, T/Fiolc 'a- Mcdcv nr Tropicale de Liverpool adcja rendu d'^minents 
services a la science ct a r!ui:n.imtc- ; en arrrihuanr le prix Nohc! de Meiiccincau pins 
illustre il entre vuus, le momie savant l a rccotinu d une tai,on eclatajitc. Aujourd luii 
que TEcole de Liverpool dispose de ces admirables moyens de travail que font les 
* Thompson Yates et les Johnston Laboratories,' nul doute qu^il n*en suigisse bientdt 
dc nouvclles decouvertes, aussi hcIIi N que Ic premiires, aussi glorieuses pour la science, 
aussi tecondcs jxiur les progres dc la civilisation. 

Messieurs, Je bois a la prosp^rite de I'Ecole de Mcdccine Tropicale de Liver- 
pool et je vous deniande la permission de risunicr mon toast en la vieille devise dc 
nos Univcrsites latines. 

Hvat, Flmit et Crescat ! 

Professor WEIGERTS REPLY TO THE TOAST 

HoCHVERkHRTE KeSTGENOSSEN 1 

Vor etwa siebzig Jahren, zu dcr Zcit also, ais Sctnvatui seine epocheniachcndcn 

Arbeiten Ober die Zellenlehre verOflentlichte, da waren fbr unsere Wissenschaft noch 

recht glOckliche Zeiten. Man bnuchte nur, wie Metster Henle aich einmal 

ausdruckt^ init dcni Kingernagel aber irgend etwas hinwegzukrat/.en und das 

Abgekratzte unter das Mikroscop zu bringen, sogleich hatte man eine Kntdcckung 

gemiKlu. M;tn fnhrte eben damals den Krieg gegen die Kcinde der MeivscliiRir, 

gegen die Krankheiteii (und um einen solchen dircctcn oUcr inUirectcn K.neg 

handelte es sicfa ja imnier), so zu sagen mit der Hand und den einfachsten 

Werkseugen, gerade wie in alter Zeit die Kriege der Menschen unterdnander nur 

mit der Faust und den ein&chsten Wafien au^efixhten wurden. Die Zeiten habeii 

sicb seltdcm grQndlich gdJndert. Was man mit jenen einfachen Mittdn entdecken 

konntc, ist langst entdeckt, aber es ist immcr noch ungeheuer viel zu entdecken 

Qbrig, und wenn man jctzt ' die Natur ihres Schleiers berauben ' will, so muss man 

es eben doch ' mit Hcbein und mit Schrauben ' zu crzwiugcn suchen (Faust), man 

muss allem m^glichen Mittel der Mechanik, der Physik und der Chemie 

verwenden, um Entdeckungen auf dem Wege der Beobachtung oder des 

Experiments zu Stande zu bringen. Wahrend die alten Forscher fiir ihre so oft 
c 
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ja hahnbrcchcntien Arlu-itcn tiur eincs kleincn Zimmera und citiigcr einfiicher 
Apparafc bcdurftcn, so sind jctzt zur Forschung und nun gar TOr den Unterricht 
machtige Institute nOthig, ausgestattet mit reichlichen kostbaren Ftnrichtungen und 
Apparaten, gerade wie die eigcntlichen Kriege ja auch zur V nrhci citung und zur 
FQhrung der raffinircesten techntschen Apparate und der ausgcklugcltestcn Mittel 
bedurfen. Welch ungeheure Summen diese men$chenvertiijgeKJen Kriege dadurch 
verschlingen, das weiss ja dn jeder, aber auch die tncnschcr\erka/ie»deHf die wir 
zufohren haben, bedOrfcn untcr den gcgcnwilrtigcn Vcrhftltnissen grosser Mittel, 
wenn dicsc auch im Vcrylcich zu jcncn gar srhr hr^icheiden genannt werden kiintu-n. 
Es ist nun fUr die Menschhcit im AIlgcnu-itR-ii h^)chst crlrculich und tur cin 
specicllc's Gemetnwesen ausserordcntlich chrciivoU, wcnn sich in einem solchen 
Manner fiqden, die in- hochherztger und vcrstflndnissvoller Wdse grosse Summen 
spenden, daihit gut au^Atkttete "Forachungs und Lehrinstitute gegrondet werden 
kOnnen. Zur Finweihung eines solchen neuen Institutes, das der Munificenz eines 
Liverpoolcr BOrgers sfinr Fnfstcluing vcrdankt, sind wir aus wciler F'crne 
cingfladoh wordcn, iinii wir sind tier l\inladui)g gem gcfolgt. F.s ist niir nun cin 
bcsoiulcrts BcdOrtniss vor Ihncn, gcchrtc l-cstgcnosscn, auch im Namen mchier 
Landsleute unseren heralichsten Dank auszusprcchen, einmal fOr die liebenswurdige 
Einladung flberhaupt, sodann fur die so flberaus freundliche Aufnahme, die wir bier 
gefunden haben, und fiir die sch^ticn Wortc, mit dcncn uns Sir John Rri nn'er 
bfL^rOsst hat. Dicsfin «;pecxi]cri D.inkc- ^in'iLhtc ich abcr noch ciiicn allLTcmciiicrcn 
tiiir/iifLlgt n, nSmlich den riir l is gutc licispicl, das die I-ivcfjiooicr Hflrycr alien 
andern Bargern gcgcbcii haiicn, und von dcm nur zu wQnschcn ist, dass cs ailcr 
Orten recht eifrige N«chlhmung finden mflge. 

1 drink to the health of the Maecenas of Liverpool, and especially the 
health of Mr. Johhstom. ' 

PaoFsa&oR PERRONCITOS REPLY TO THE TOAST 

IlLUSTRI SiCNORI, S CHlARIKIMf CoLLBCHI I 

Sono orgoglioso di portarvi tl saluto delb mia patria, che ebbe pochi glorni 
addtetro la fortuna di ospitare il vostro Augusto Sovrano Re Edoardo VII, 

Noi Italiani serbianm la piu grando vcncrazionc pel popolo Inglcsc, lo 
ammiriamo spesso nellc sue potenti iniziative pel p- vgn-«<'^n dclli' Stumi/j-, delle arti, 
delle Industrie del commcrcio e dell' agricoltura. Con quanta soddistazione io abbia 
quindi accolto I'lnvito di partecipare a questa grande solenniti dovuta alio sf»rito 
intraprendente degU Inglesi, e alia mumficenza del benemerito Signor Johnston, potete 
immaginarvdo pensando all' amore che si deve portare alle officine della sdenza e 
del lavoro. 

Sua Eccellenza il nostro Ministro dcUa Pubblica Istruzione Nunzio Nasi, 
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pcnctrato dclla ginndc iniportanza chc avri questa nuova Scuota ncl mondo scientifico, 
e del bene the mc potra riJoiufare all' umanitA intiera, mi ha affidato I'altn onorc di 
rappresentarc II siio Ministcro, c 1' Uiiiversit'i Italians :i quc<?ta festa. (^uindi 
Ministcro ed Univcrsita haiianc oggi tcsteggiaiio con voi ;1 gmruie avvenimeiitu chc 
formeii esempio non morituro di amore alls sctenza ed al progresso mondiale. 

La Scuola di Medidna Tropicale, laf^mente dotata ed organizzata nd 
porto che tiene il primn posto pel commercio e le comunica/.ioni con tutto Torbe 
tetxaquci, costituira il faro massimo del progresso scitntiHu) iJ utnanitario. 

L'Univcrsita di I/ivcrpool dalle (uiovc forze e dalla potuiitc Istituzione,acquisteri 
tjucir alta posizione che le sapranno crcare la sapienza dei docenti, la provcrbialc 
niuniiiccnza liiglcsc, ed un guverno forte e libero sotto la dinastia di un Re ed 
Imperatore dotttssimo. 

Non V) h chi non acorga neU* istituzione del Laboratoriodi Medicina Tropicak 
una inizlariva della piu alta importanza, massime ora chc i rapporti commerciali, cd i 
mczz! tii fra'sporto somo co5i tra Ic popnln7iniii nordnhc c quelle vlel Mid dei due 
emister: ; t;irto che se lia un l.itn e friiite di bciiessere eLunoriiici), Uall' altro puo csscre 
causa ui piu facile dilFusione liei morbi infcttivi. Collo studio dclle speci parasitarie 
che trovano ambiente piu adatto nelle zone caldedove rumidici e la tempemtttra sono 
dementi importantiwtmi per la loro coltura fuori dell* organismo delKuomo, e delle 
speci animali utili, si oppnne un' arginc potcntc al loro svilup[io e alia loro diffusione. 

La Bio-Chimica che scruta la composizione degli elementi anatomict in rapporto 
allc loro proprieti vitali, c studia i prodotti dej;!: orp-nnismi gratidi e piccoli benefici 
e viventi parasitari, nc valuta I'imporianza per srabilire norme curative e preventive 
generali e sicure contro i morbi epidemici ed epizootici. 

E da essa la acienza si attende nuovi progressi die poasiamo prevedere 
importantossimi. 

La Patologin spcrimentale che studia le nialattie producendole artifidalmente 
per indnpariic meglio la essciv/n raiui.tmciitn c q^li esiti per iin;i eiirn evrritiinlnietite 
specifici, 111 quest! laboratoni potra piu rapidamente progrcdirc a bcnetizio dell' umanita 
c dcUa riccnczza mondiale. 

La Platologia comparau atudiando con opportuni mezzt le malattie delle divene 
speci animdiy e nelle piante affretteri il gionio in cui noi saremo in fueno possesso 
del * noste te i.jum* per combattere i mali nella loro originc, rcdimere le fegioni ora 
malcHchc, e transformare il tutto a beneficio dell' umanita progredita. 

Signori ! Interpretc dei "scfuimenti del Mitiistrc che ho rorurrc d\ rnp[ircsenr;ire 
e di tutti gli Italiani porto aiich' lo un brindisi quale tributo di ricojioicciaa al bignor 
Johnston per Is stm opera di dto interesse internazionde coU' augurio che questi 
laboratorit dischiudano e rischiarino presto nuovi omonti pd benesaere universale. 

Finisco con un Ewiva al Popolo Inglese ed a) suo grazioao Sovnuio I 
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THE NATIONAL IMPORTANCE OF THE STUDY OF 

TROPICAL VEIERINARY MEDICINE 

Bmigt ^ittk JtSvtrtd hy Professor Nocard at tlu Confereiu* ifTnfiutl MtHtitU 
ktU in Liwrpttif May ii, 1903 

Ce qui m'a )e plus frappi pendant mon s^jour i Liverpool, c cst I'dliance 
tntirae qui s'y'est itablii entre le Commerce et la Science ; alliance fiiconde dont 
bin^ficient largement la civilisation et I'liumaniti tout entiere. 

Chez nous, en France, Iran d'encourager les hj^inistes, les commer^ants les 

consultTcnt comme des gt^ncurs, sinon comme dcs ennemis ct Ton voit, dc temps a 
autres, les agricultcurs rcccvoir a coups dc fourchc ccux qui soiit charges d'appliqucr 
la loi sanitaire qui n'a pourtant pas d'autrc but que dc sauvcgardcr les intcrcts dc 
ragriculture — Vous, Mesueurs les commer(ants de Liverpool, vous avez compris que 
la marchandise qui coAle le plus cher, c'est encore la vie humaine et que les savants 
et les hygiinistes sont les plus pr£deux dc vos auxiliaires. 

Honneur i vous I Puisse votre example £tre suive dc Vautre Cbtk de la 
Manchc ! 

On vous a dit sur tous les tous dcpuis 3 jours les l)cautcs de 1 ocuvrc que vous 
avez accomplie ; voule2-vous me permettre de vous signaler une lacune quMl vous 
sera d'ailleurs fadle de combler ? 

Votre ecole de medicine tropicak est tres bien outillie pour doter vos colonies 
d'cxcellents mckln^ines ; mais il sembic que vous n'ayez pas song^ ky preparer de bons 
V^terinaircs cnlnm.iux. Yx cependant la chose en vaut la pdne ! 

i'our tous les pays ncut's— cl cc sont les plus tructueux pour ies marchands 
banKs et entreprenants que vous ttes — les votes de communication sont plus que 
rudimentaires ; le roulage y est inconnu ; les seuls moyens de transport sont les b£te» 
de somme ; h di-faut de b^tes de somme, il ne reste (}ue Thomme et vous savez mieux 
que moi le prix exhorbitatit du transports a dos d'homme. 

Votre Livingstone a dit quelque part que la • tse-tse ' ^tait le plus grand 
obstacle a la penetration de la civilisation dan» I' ltrique centrale I Ccst que toutes 
les bites de somme sout .sensible* au *Nagana ' que leur inocuknt les piqfires de la 
* Ts^tsi * ; et c'est au»i que la * Ts^ts^ * a fait tehouer lamentablement tant d'expidi- 
tions, tant d'explorations admirablement priparte 

L'etudc Scientifique des maladies des animaux est done tout aussi nicessaire 
que celle des maladies ^f I'homme pour aider aux progris de la civilisation qui sont 
lies si etroitement a la prosperite du Commerce. 
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Pcrmettcz moi dc vous titer un fait recent, e]ui intrrcs<iL- tout particulicrcment 
I'Angletcrrc, ct qui vous montrera d'unc fayun saisissantc I'exactitude se cette 
projxjsilion. 

En temps normal, c*est i Madj^ascar que les agriculteura de I'lle Maurice 
s'approvisionnent du B£tail nicessaire au travail de la terre ou au transport des rtoikes. 
Pendant la guerre Sud- Africa! ne, I'Atigleterre a utilisi pour )a tiourriture de son 
arm^e prest]uc tout le Bctail disfv»nihle a Maiiaj^ascar. 

I^es Mauritiens ncpouvantl utter con tre la concurrence ijucleur faisait la mefropile 
aut dii se pourvoir aillcurs. Beaucoup ont eu I'idec dc tairc vcnir des bocufs Indies 
qu'iis )K>uvaient acheter k meitleur compte. En Septembre, 1901, un navire chaig6 
de boeufs indies dut £tre umiss en quarantaine k son arriv£e a Fort-Louis, pour cette 
raisoM iju'un certain nonibre de bocufs etaient morts }>endant la traversce ; quelques 
unes etaient fticore ni.il;uits ; les \'eterinaires charties du serv-ce san'tairc 1m cxam- 
inerent a diverscs rcjinses, firent I'autopsie ilc plusieurs, sans rcu-.sir a Jt'tci niincr 
la nature ct la cause tie ia jnaladic ; puis, aprcs un certain temps, la niortalite ayaiit 
ces9i» les malades poiaissant gueris, on leva /'«4i^«;;f«et Ton rendit a la libre disposition 
des importateurs le restc de ta cargaison. 

Or qu' cst-il arrive r 

Partout oil les hasards de la ventc avaient disseminc" les survivants, on vit 
btent'n Iciirs compacrnon«; <V ecurie mnihrr nia!;uies, et succomber avcc des symptomes ct 
des IcMoii^ idcntiqucs a ceux oiiserves pentiant la travcrsec ou pendant la quarantaine. 
Bien plus, la maladie ne se boma pas k frappcr les boeufs ; elle frappa ^galement et 
d'une 6con beaucoup plus grave les chevaux et les mulets, puts se propagea rapide- 
ment, dans toutes les directions, sur toute la surface de I'lle, en sort e que les agriculteura 
se denian.laicnt avcc anxiete comment ils allaient faire la recolte de canncs a Sucre. 

Cette maladie si grave, ou en a longtemps mt^connu !;i nature ; ce n'est que vers 
la mt>is d'avril, 1902 qu'un niedccin, Jc ductcur I.eslir, cxaminant au microscope 
)e sang d'animaux malades appartenaut a Tun de ses amis, y constata la prince de 
nombreux parasites 61ifbrmes, extrcmement mobiles, qu'tl put ais^ment assimiler au 
Trypanosome du Nagana de TAfrique australe ou du Surra de I'lnde. 

Monsieur I.averan et moi avons confirm^ ce diagnostic, apris itude de 
nombreuses lames ile sang t]u'ou nous cnvoya de MAURf<'F. 

Vous savcz que le .\V/p<;M.7 est propage par la * 1 >t tsc' qui, puisant dans la 
peau des atiimaux malades du sang charge de parasites, rinocule par ses ptqCires dans 
la peau des animaux sains. 

La * ts^ts^ * n'existe pas dans I'lnde Anglaise ; c^est un autre insecte suceur, le 
' tabanus tropicus,' qui {wait jouer le meme role quVUe. *A MauRIck, on ne connait 
ni la rsc-tst' ni !e tann des tropiques ; mais il y cxiste un erafid (mmbre de mouchcs 
piquantes qi:' rmittnentent les animauv nu travail et, parnu clles, ii est urie, Ic 
* stonioxys nigra,' qui parait bien ctre I'agetit principal dc la propagation dc la maladie. 
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Jusqu k present ou ne oonnait ancun tnoyen de traiter «l^»ceinent le Nag«na 
oil le Sttmt ; le aeul moyen t&r d'i^ter lis ravj^ges de ces maladies, consiste done k 
empicher rimportation d'aminaux maladcs. Si Ics autoritis dc Maurice cusscntfait 
abattre a I'arrivic tous !cs survivants de la cargaison infectic, Tile e»it ^happi a 
I'eifiroyable Epizootic qui menace de la ruinc scs industries agricoles. 

Malheureusemcnt, les agents dtt service sanitaire avaient une instruction techni- 
que insttffisante ; ik n'avatent jamais vu le Sum ; ils ignoraient par quels moyens 
smples on peut k reconnttttre) trAmt chez des aminaux qui ne prisentent aucun 
aympto me appMent et, quand la maladie a eli reconnue, ilitaittrop tard pour enrajrer 
son extension ; d^-jJ I'llc entiere etait infected. 

Eh bicii, supposes que Ics mauriciciis aient pris I'habitude d'envoyer leurs 
v^t^rinaires, tous les 2 ou 3 aris, faire un stage de quelques semaines dans une ^cole 
comme la vdtrcj pour se retremper aux sources, pour se mettre au courant des progres 
de la science, nul doute qu'ils n'aient rftussi k dipister I'existence du Surra aur lea boeufs 
suspects ct k faire I'^conomte de T^zoode actuelle qui constttue un veritable desastre ! 

Par cct cxcmplc, vous jugcrez sans doute, Messieurs de Liverpool, que votre 
Ecole de Medecine tropicalc qui a dija rendu tant de services ne doit pas sculcment 
vous preparer de bons mddecins coloniaux, mais quelle doit titc aussi largement 
ouvcrte aux Vitirinaires qui se destinent au servitt des Colonies. 

Soyez aurs que I'excident de dipenses qui en risultera pour votre budget, 
vous sen rcmboursi au centuple. 
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ON THE SYNTHESIS OF FATS ACCOMPANYING 
ABSORPTION FROM THE INTESTINE, AND ON 

THE LIMITATIONS OF SYNTHESIS BY ENZYMES 
AND BY LIVING CELLS, RESPECTIVELY 

By benjamin MOORE, M.A^ D.Sc 

JMMfMM fMTIMM «r WKItMNTIir AT •NnrUMTV CWLMI, UnUfML 



IT it now generallf accepted that the neutnl f«ts of the food are completdy split 
up in the course of intestinal digestion, by the lipase of the pancreativc juice, 
info free fatty acids and glycerine, and that the fatty acids are thrn rendered 
soluble by the bile salts and lecithin, cither in the form of free acids or as alkaline 
soaps. So that all the constituents formed In fat digestion are finally taken up by the 
ooluninar cells in soluble form.' 

It has long been known that the main part, if not all, of the absorbed fat 
leaves the intestinal wall by the channel of the lacteals, and that the fattjr chyle 
contained in these vessels, after traversing the abdominal lymphatic glands, is poured 
by the thoracic duct into the systemic circulation. Now somewhere along this 
course a synthesis occurs of the fatty constituents back again into neutral fais, for 
MvNR* has ahown that when fatty acid, instead of neutral fat, is administered by the 
mouth} a synthesis has been effected by the time the absorbed fatty acid has entered 
the thoracic duc^ whereby from 90 to 95 per cent, of the free acid has been combined 
to form neutral fat. It is also worth noting, in view of the discussion which will be 
presented later on in this paper of the character of the synthesis here brought about, 
that it is unnecessary to feed glycerine along witii the fatty acid ; that is to say, 
somewhere between intestine ami thoracic duct, glycerine is either carried in or 
synthetically formed from other constituents, and united to the fiitty acid to form 
neutral fat. This experiment, therefore, casts doubt on the view that the fatty acid 
in the nonnal course of digestion of fat is entirely re-united to the ?nmc glycerine 
irom which it was detached in the intestine. For it is probable that the rates of 
absorption of glycerine, and fatty acid or soap, respectively, from the intestine are not 
quite identical ; and although it is possible that these constituents after absorption are 
stored by cells somewhere along the channel of absorption, and re-united to each 

I. Moott A RochwOOd,^*!. iv.. Vol. I«, 1S9-. p. ^jK ; P.nrtul if Pifi!(J:f J, ittf'.f. (,» ; Moofc Jc I'irkrt, 

/>■(. Hy, Sk^ let, Ixvii^ tfMff, 64 { PAagaf jbci. /. J.pu Pfynoltpi, Bil. Uuii, 1900, S. }0}, }it } Bd. Uunv, 1901, 
S. I { B4. buivU, tfoa, p. 199^4jt ; hi. ltM,S. 1. 

^ y m tt ^ t jireL, luc, iMe^ S. 17 | se*, itl4, S. 45a. 
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other, it is also posaiUe that the glycerine tbsorhed m.n either be used as a source 
of encrpA" by these cells, nr allowed to pass on, and the tatty acid later united in the 
ceil to other ^l)ccnne sytitheticallv formed hy chemical processes going on in the 
cells in which the synthesis of fat from fatly acid or soap occurs. 

Ahhough it is fiiirly certain that a hydrolysis of ht occurs in the intestine and 
a re-^nthesis before the thoracic duct is reached, there is, at the present time, no dear 
experimental evidence as to the situation in the course of absorption at which the 
synthesis is effected, or as to the agency by which the syntht-si^ is brniiLtht about, that 
is to sav, as to whether it :s due to an iritra-cellular enzyme, or is a process in which 
the living protoplasm acts as the cnergj- transformer. 

The experiments recorded in dnsoontmonication were designed with the ol^ect 
of shedding light on these points. 

There are two chief places at which the lymph, carrying the absorbed fetty 
constituents, either comes into intimate relationship with cells, or is forced to pass 
throufrh them, vi?,., first, \n the intestinal wall itself, in the columnar lininij cells and 
adenoid tissue ot the villus lying between these and the central lacteal, and secondly, 
in the abdominal lymphatic glands, through which the chyle all passes on its way to 
the thoracic duct. It is hence at these two situations that chemical changes may be 
expected to occur, and the suggestions naturally present themselves of examining the 
compontion of the chyle as regards fatty constituent^ before and after passing these 
points, and of studying the action of these tissucs upon the oonsdtuents involved in 
the synthesis of neutral tats. 

There is no <|ue!>tion that the intestine during fat absorption contains both fatty 
adds and soaps in stdution, and Mvnk has shown, as above stated, that the lymph of 
the thoracic duct during fiit absorption contains nearly all its fatty matter as neutral 
fat ; but the most difficult point in the course, from which to obtain lymph in sufficient 
quantity for LlK-iiii(.aI analy sis of its fatty constituents, is the portion lying between the 
ifUestine and abdominal lymphatic glands, for the mesaiteric lacteals arc far too small 
to admit a cannula. 

As hr as the writer is aware, no analyses have hitherto been published of the 
fat^ matter contained in the chyle of the mesenteric tacteals, but, by a method, which 
wil! be described later, a sufficient supply of fatty chyle was obtained to demonstrate 
most clearly that already, in the mesenteric iacteals, practically all the fatty matter is 
present as neutral far. 

It has long been known, from histological evidence, that a change occurs in 
the absorbed fatty constituents in the columnar cell. For such cells, taken some 
hours after a (atty meal, when examined under the microscope after appropriate fixing 
and staining, are seen to be filled, except in the striated border, with globules of 
var}'ing si«e, which present all the histological appearances and reactions of latty 
nuterial. 
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In the first place, however, such hiiCological preparations do not con- 
duMvely prove that Hemral fat is vjrnthesized in the cpithdisl cdl* since the appearances 
m^ht be reproduced hy insoluble fttty adds depowted in the cells. In the second pbcc^ 

even n^^suniiTig the appearances to be due to neutral fat, they give no quantitative 
itihirm.itioii as to whether any fraction of the fatty constituents, absorbed in soluble 
form ti om rhc intestine, passes through the columnar cell unmodified into the lacteals 
to be changed in the abdominal lymphatic glands or dsewhere. Thirdly, as has been 
supposed by some writen on the subject, such a deposit in the intestin ■! cells as has 
lieen observed microscopically might be only a temporary one, the fat being again 
liydrolyzed to pass out towards the lacteal, so that a constant stream of fatty acid and 
glycerine has been assumed to diffuse out from the attached border of the cell. Nor, 
assuming as proven that the fatty constituents enter the columnar cell in soluble form, 
does the presence of a white milky fluid in the lacteals, containing fatty globules 
when viewed under the microscope, demonstrate that neutral fat has been synthesized 
in the intestinal cell. In the fint (^e, as has been remarked above, r^arding the 
appearances in the columnar cell, all such effects mi|^be reproduced by fixefittty addin 
suspension, and, in the second place, no quantitative information is given by such 
observations as to the amount of conversion from soluble into insoluble constituents. 

Turning next to the nature and place of synthesis, as shown by the action of 
cells and extracts of cells concerned in fat absorption upon the constituents of neutral 
fttSk we find on reviewing the literature that a good deal of attendon has be«i given 
to this aspect of the subject by previous workers. 

C. A. Ewald' was the first observer who claimed to have detected such a syn- 
thetic action /;/ viiro, from products of the intcst1n.1l cell. Ifi a prelitrtinary paper, 
published in 1883, he states that he was stimulated by the account of Brown and 
Hbrron's work upon the inverting action of dried mucous membrane upon cane sugar, 
to test whether a similar dried preparation of the mticous membrane was capable of 
synthesizing filt from an aqueous solution of soap and glycerine at the proper tempera- 
ture. This cxpcrimrnt with tlie dr:ed rolls failed, and the reason ascribed by Ewai.d, 
was that one has here to do with a synthetic operation, such as is pcculi.tr to the 
metabolism of the iivmg cell, and not a ferment action which would remain utter me 
destrucdon of cell activity, as in the case of inverntm of cane sugar. 

Ewald accordingly turned his attention to the firesh mucosa, and in two ex- 
periments, in which he divided the intestinal mucous membrane in each case into four 
portions, one of which was treated atone as a contral, while to the other three portions 
soap and sjl^'ccrinc were added in a[ipro[irKite quantities, he lielievcvl that he had 
observed in all but one case a consiticrable formation of neutral fat from fatty acid 
and glycerine. 



I. Ank./. MftiA m Amu, FlifM. AM., Siirrt. M. M3, S> )ot 
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MiicK more recentiy, HambvkgbV w<M-king chiefly with the bi^ge intestine, 

has brought forwarii cviJince from a large tuimbcr of experiments, chiming to show 
that synthesis of neutral (aXi can be brought about in viln^ bjr the separated intestinal 

mucosa. 

Neither Ewald nor Hamburger worked with extracts free from cells, and 
their methods of worieing save in experimental details were the same, so that both 
seta of results can be conveniently discussed together.* 

The method was essentially that of digesting a mhcture of soap and glycerine 

in stolution, in presence of intestinal mucosa finely minced up, for a variable period, 
obtaining an ethereal extract, and determining the amount of fat^ acid in this by 
titration against a standard alkali. 

The difierence between the weight of the total ethereal extract and the weight 
cf free fatty acid was taken to be neutral fat, and the diflerence between diis figure, 
in the case of portions to which soap and glycerine had been added, and controls in 
wh'ich no soap and glycerine were added, was taken to represent neutial fat which had 
been fornu\l ikiring the t'X|HT!metir. 

No direct determinations were made by saponification with alkali of the 
amount of neutral fat formed. Now, had such a course been taken in tlie experiments 
detailed later in this paper, as a perusal of the figures wiO show, a fsdlacious conclusion 
that fat was synthesized would in some cases have been the result. But the direct 
detern)i nations show that this is not the cas^ and hence that probably in Ewald 
and H amri'rcer's experiments, also, the supposed fat ^nthesized was in reality soap 
dissolved liv the ether used as an extracfive. 

In any case, the present experiments show no appreciable synthesis of neutral 
ht from soap and glycerine, cither by the fresh intestinal mucosa or by cell-free extracts 
of it. 

Other workers have turned from the direct synthesis of neutral fats and 
attempted instead tn draw analogies from the synthesis of siniplcT esters. 

Thus, K ASH E and Loevenhar i ' dicrstcil a mixture ot dilute hutync acid and 
ethyl alcohol with a fresh aqueous extract of pancreas, and were able to detect ethyl 
butyrace by its odour, and on the laiger scale were able to obtain a lew drops of a 
light oil with the odour and general properties of that ester. The reaction did not 
occur when boiled paiure is wu used, and since, on the lUhtr hand, lipase can also be 
employed t<j convert ethyl-butyrate into butyric acid and ethyl alcohol, it becomes 
evident that the action is a reversible one. 



1, Ttw only rwential dlflteiciiM wu, ihtl Himbucgrf cvipof itr'l to <ir}iMi» bdPKMtnirtiiif with cdtcr, v^Ht BwiU Ant 
Alirrrd Mcr difritioB mi ihm c*iip«nlc' tbe Cimie ta • tinatl valanc, aad citruted wiA ether, addiai thb to an rtbcrett 
cxir.ic( ai the roidoc from iillntiaB. 

}. Amtrktm CtmkJ Jnrml, ifua. Vol. uiv, p. 491. 
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In a later paper, Lokvenhart* found a similar action in varying degree with 
extracts of intesdnal mucosa, lymphatic glands, Ijrmph, liver, kidney, submaxillary 

gland, lung, brain, adrenal and subcutuieous connective tissue. Similarly, 
Hanriot* found that pancreatic lipase synthesized monobutyrin from buQrric 
acid and glycerine. 

It is, however, exceedingly dangerous, as is obvious on comparing the above- 
mentioned results with those obtained in the present invest^tbn, to draw 
conclusions as to the hydrolysis or synthesis of one ester, from that of another.' This 
is true, even when all the constituents of the reaction are soluble, as even there the 

position of the point of equilibrium, as experiment shows, may varv enon^iously with 
different esters and be placed practically at cither end point of the reaction ; but-the 
proceeding becomes entirely misleading when the comparison is made between such 
disrimthr esten as the body fats and ethyl butyrate, where in the fbnner action two 
of the three components are practically insoluble, and in the latter all three are 
easily soluble. Nor does it seem at all justifiable without experimental evidence to 
assume tli.ir the 5ame catalvser, lipase, can in the intestine cause an equilibrium lying 
(m thi' case nt the neutral tuts) [Tacticully at the end point of complete conversion 
ii\to tatty acid and glycerine, and withm the cell cause a complete reversal into the 
neutral fat. 

It is certmnly true that the concentrations in the solution of the reacting units 

of the chemical system vary the position of the equilibrium point ; but it seems 
highly improbable that any such complete shifting as Is required by the above theory 
of hvdrn1y«;is in the intestine and re-synthesis in the columnar cell by the same 
enzyme can be attained by changes in concentration alone. 

Such a reversal is, however, posnble in the living cell, where there is a supply 
of external energy, and means for its transformation. 

It may be pointed out that si.ih conditions can only very faultily be carried 
out in z-itro, and hence it is not surprising that syntheses, such as are undoubtedly 
carried out by the cell in situ, c.innot He obtained with the detachcii cells in test tubes. 

An attempt was inaJc in certain of the experiments recorded below to supply 
such a source of energy by adding dextrose to the solutions, but even then no 
formation of neutral fat could be brought about. 

The only action upon the soaps employed, which could be demonstrated with 
certainty', was a considerable conversion into frcx* fatty acid. This result was invariably 
obtained, and is also observable in the experiments nf I'.wald and Hamburgbr, 
although little attention is bestowed upon it by these authors. 

The action is, however, of some [ihysu)logical importance ; in the fint place, 
because it is probably the preliminary stage in that synthesis of fat which is 

I, ifwrVdo Joitrxal c/Fip::! ty, l<^3X, VoL W*, J}l. 

I. Cmfm rtmiiu 4t U SttuV 4i Magit, ifoi, 7^ 

). Thh vhw li ilto heM bjr Liwrnwinoi, Jtmra. tf 9k, tfChmutl hi huiy , VaL flrj^ No. a, 190]. 
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undoubtedly effected In the intestinal cells (vide infra). In the second pbwe, thff 
reaction has an impKjrtance as an indication of how the organism !s protected from 
the entry into the systemic circulation of ahsnrhcd sn:ip?i, whicfi, as was hrst demon- 
strated by MuNK,' act as virulent poisons when injected into the circuiation, although 
perfectly innocuous when adnitnitteKd by the mouth. 

This protective action of the cells, or of some product contained by them, 
is similar in function to the action of the intestinal cells upon albumoses. 

This action upon soap5 has been obtained widi extracts of intestinal mucosa, 
abdominal Iymph;ittc glands, and pancreas, and is most powerfully exhibited bv 
pancreatic extracts. When a water-clear solution is prepared by dissolving two per 
cent, of sodium olcatc in an extract of i in lo of fresh pancreas, and the solution 
kept at body temperature, widiin a few minutes the fluid becomes turbid, and when 
examined under the microscope is seen to be full of minute highly refractile globules. 
On standing for some hours, a thick oily layer appears on the top^ which, when 
separated by ether aiul titrated with dccinormal alkali, is nuitu! to corres[>ond ^vith 
oleic acid. 1 he sejiaratioti is iint due to acidity, tor the pancreatic extracts employed 
were alkaline to phenol-phthalcin and remained so. The alkali separated from the 
soap does not become free in the aohitkm, for the alkalinity of this does not increase 
during the reaction, but it appears to become stably combined with some substance 
present in the extract. This is further rfiown by the fact that the extracts ointaining 
free fatty acid in susjiension, or as a creamy or oily layer on the surface, can be 
evaporated down to dryness without recombination occurring, as must be the case 
if free alkali were present. 

In the earlier experiments, a fear of such a recombinatkm occurring led to 
the adoption of the method of extracting the fatty products, after a certain 
period of digestion, directly with ether, without previously evaporating to dryness. 

It was found, however, that although the first extractions with ether by this 
method pave higher yields of fatty acid than the later ones, yet no definite end result 
could be obtained, suice the extractions even after the sixth still yielded appreciable 
amounts of fatty acid. 

This result is obviously due to the considerable soIuMlity of ether in water, 
leading to an increase in the hydrot]ni« of the sodium oleate solution, and hence 
increasing the amount of oleic acid, which dissolved in the ethereal fraction.' 

Accordingly, this method was subsequently abandoned, arid the method of 
evaporating to dryness and then extracting with dry ether substituted, as was 
previously done by Hamburger. 

The experiments by the flrst method have, however, a distinct qualitative 
value as a confirmation of the results obtained by the second method, for, although 

a. TM» wu tiwKn b> ihc control nycrimcat ih»t cUkf cittncl* iihII fnantilic* of olrk «cid wbto thakta up with 
(olutiest af fodiun ateale is JiHilM water* 
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tfaey do not show accurately the amount of hve fatty acid formed, they very 
oondusirely prove tiat jn nextral fat is firmed. For, while a considerable amount 

soap is dissolved out from the dried extracts in the second method, which, if the 
attempt be made to obtain the amount of neutral tht, as in Ewald and Hamburger's 
calculations, by merely subtracting the amount of free fatty acid from the total 
ethereal extract, gives rise to the fallacious result that a considerable synthesis of 
neutral hit has taken place ; in using the first method, namely, that of extracting 
without previous evaporation to dryness, practically no soap is dissolved by the ether, 
■and the subsequent titration gives almost theoretical values for oleic acid, showing 
thnt the entire ethereal extract consists of hxtf acid, and that no neutral fat is 
present. 

If any neutral fat whatever had been formed by the previous digestion with 
the extracts of intestinal mucosa and other tissues employed, it would undoubtedly 
have been present in the ethereal extract, because olein is practically insoluble in water, 

but soluble in all proportions in ether, and hence would have been dissfrfved out even 
more readily than oleic acid, which has a siit^ht solubility in water. 

HAMni RGER, although he did not proceed to the direct determinatinn of the 
neutral tat in the extracts he obtained, wus aware ot the solubility of soaps in ctiicr, 
and sought to equalize this by adding, after evaporation, soaps to his controls. Even 
with this precaution, he found a greater weight of ethereal extract, after deducting 
free hxty add, in those portions to which the soap had been added before boiling, and 

ascribed this excess tf> neutral fat. 

A repetition ot this procciiurc in the present series ot experiment'!, did not 
give, however, a like result, the difference in weight was very slight, and in one case 
was in favour of the portion to which the soap had been added before digestion, and 
in the other, in fiivour of that to which the soap had been added after digestion.' 

Hamburger's own results, moreover, are not uniform, for while a greater 
weight was found in some experiments, no appreciable change was found iti others. 

fTAMnuRCFR supposes that the negative result is due to rc-convcrsioii into 
fatty acid during prolonged digestion ot the neutral fat first tormcd. 

Supported by the results of the method of direct estimation of the neutral fat, 
as well as by the results obtained by duplicadng HAM»VRCBa*s own method, we are 
of the opinion that the positive results of Hamburgbr are due to dissolved soap, 
which varied in amount in ttie vlifferent experiments.* 

The hydrolysis of s!jd;inn oleate and accompanying liberation ot ole ic acid, 
above alluded to, by extracts of pancreas, lyin|)hutic glands, and intestinal mucosa, is 
rentarkablc in that it is not completely stopped by previous boiling of the extracts. 
In most cases the extent of hydrolysis is lessened by boiling, as will be seen by 

I, S« ExfHTimtnu 1 Jin<l 2, Scrici ii. 

ft. it majr be memioaeJ tlut Hamlmrjfcr hniI m/* mt4itatm^ nrhilt So4iym Okatc wti Ufr<t for the cjq^rimcntt 
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reference to the protoctjlls given below, and the extent of such diminution of action 
is variable, but even after boiling the extracts for five minutes, a considerable effect 
has in itamy cases been obtuned, and that in cases where bacterial action has been 
carefully excluded. This is particulartjr observable in the extracts of intestinal mucosa 
and lymphatic glands, where the difference between boiled and unboiled extracts is 
less than in the case of the pancreas. 

In fncf, A cnnsiiitrahic action has been observed in some cases affer complete 
evaporation to dryness ut ihv extract CM a Steam bath, on again adding water 
and soap and digesting at body temperature.' 

It appears probable from this that the hydrolysis is not due entirety to an 
enzyme, but to some chemicsl substance with acid properties contained in the extracts 
whkh, at ]v) !y temperature, siowly hydrolyaes the soap and combines with the 
liberate. I alkali. 

If, instead of frs/ boiling the extract and then adding the soap after it has 
cooled to 36' C. and digesting at that temperature, the soap be added to the unboiled 
extract and then the temperature be raised as rapidly as possible to 100'' C, a very 
rapd formation of free fatty acid occurs, and the fatty acid floats at once in an oily 
layer on the surface of the extmrt evrn before the boiling point is reached. 

The extracts emplove.l were in all cases alkaline tn litmu<^, and the ^l.^fU 
acidity to phenoi-phthalein which they showed, like nearly all animal extracts, was 
found by titration to be much less than equivalent to the fatty acid liberated.* 

Excess of sodium carbonate stops the reaction, however, which does not 
<iccur when 0*5 per cent, of sodium carbonate is present in solution. 

£xP£RtM2NTS ON THE NaTURI' OF T.t F.\TTY CoN'STITI-EVT; PrESSMT IN TMS 
MrSKNTERlC LvMPHATlCS DuRlNC FaT ABSORPTION 

In these expcrimenth the lymph was obtained from the lacteals at a period of 
five to seven hours after feeding on neutral olive oil. 

The animals (dogs) were nnacsthetiited by a mixture of chloroform and ether, 
al>out live hours after feeding with the oil ; the abdomen was then opened aUid the 
intestine drawn out in small loops consecutively, so exposing the lacteals, which stand 
out clearly like silk threads, from being filled with the white^ milk-like chyle. This is 
the appearance presented by the lacteals when first seen, but in a very short time, not 
exceeiling five to ten minutes, they become dischargCvl, and fat absorption appears to 
stop almost entirely. In mak'nf; the collections of lymph, now to be described, it is 
hence necessary to proceed t^uickiy, for the absorption is not restored very rapidly on 
replacing the loop of intestine and temporarily closing the abdominal wound, and if 

t. Scr CMftrimnu I, Srrin iii^ AMcixliini t. 

a. In lenw of the opnimcMi ihw aciiiiiy t» |liciM>l-flrtfaal£»n wit tHghtly oicr mutnliMd by «MiliiaB af toMun <«kMi«» 

•oliuiad. 
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time be-ftpent in this procedure, the whole of the lacteals may soon become emptied. 
It is aim necessary to disturb and expose as little of the intestine as is possible at any 
one time, and then ¥rhen the €ow of lymph from one loop has been exhausted to 
replace that and pull out a fresh loop. 

The flow of lymph mtiy he much augmented by gently kneading the portion 
of the i^tc'^rinc tram which the l.K tcn! nrisps. 

liven employing all these precautions, tl)c interval alter opening the inte!>tine 
during which the lymph can be collected is a short one, amounting to about fifteen 
irinutes. 

The vessels arc too small for the insertion of a cannula, and hence the lymph 

wns cn!!fcrril by free incision "f the \ esstl, taking care not to injure the accompanying 
small blood vessels, ami rtllfuvini,^ chc lytiiptA to collect ujwn the mese^itrry. This it 
does in large Jrups, wliicii arc collected by saiall glass tubes made capillary at both 
«nds by drawing out a glass tube in the blow-p<pe flame. The lymph runs readily 
into these tubes when they are held horizontally, with one of the capillary ends in the 
drop of lymph. In this way from one to two dozen small tubes can be charged with 
lymph. Another method which was employed for collection was to suck the lymph 
up by means of a glass tube drawn out line at one end» and then blow out into a 
porcelain capule. 

The subsequent proce&s of analysis consists in weighing the tubes and then 
placing them in a test tube containing ether. In a short time the contents of the 
small tubes become transparent from the solution of the fittty constituentSi^ and soon 
after the (yroph flows out and the watery portion collects at the bottom, while the 

fatty constituents nrc vllssnlved by the ether. The tubes are taken out atui washed 
fv.'ice wltti ether, tile w.(sh;np'S being ndded tn (he first [nirCon ot ether iise.i tor 
cxlrattion. 1 he tubes arc then tirieJ luui weighed, the diftereiicc between this weight 

and the previous one then obviously gives the weight of 1) mph collected in the tubes. 
The amount which can be thus collected is small, but fortunately deter- 

minat t hute .icid and fat can be made so closely, and the results lie so pre- 
ponderatingly on the side of neutral fat, that no ^IfMihf is left that practically all the 
fat in the !actea!s of the mesentery is present as neutral t;it, aiui only n small fraction 
as fatty acul. "I he determination of free fatty acid was made by evaporating the 
ethereal extract to dryness, dissolving in hot alcohol, and titrating with deci-normal 
sodic hydrate solution, using phenol-phthalein as an indicator. 

The neutral alcoholic solution thus obtained was next evaporated almost to 
ilryness, a measured volume of standard alcoholic potash (approximately ^) was then 
added, and the mixture ho'.led for twenty to thirty minutes ; the flask in which the 
bulling took place being httcil with a reflux tube. The contents were then neutralized 
with semi-normal hydrochloric acid, and the difference between the amount of acid 
required and that necessary to neutralize the vtdume of alcoholic potash originally 
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added, gave the nt^ce^^zry datum for calculating the amount of neutral fzt which had 
been saponihed by the alkali.' 

Experiment i. In this preliminary cxiH-i iinciit only a small amount of chyle 
was collecccd (0-65 c.c), which contained 0*0 1 98 gr^mnies of ethereal extractive. But 
even this small amount was enough to demonstrate that the amount of free fatty acid 
present was relatively small, for on dissolvini,' (Ik- ethereal residue in hot alcohol, and 
titrating as above described, it was found that only o*I c.c. of the deciiiormal 
alkali was sufficient to give ;i iiistinct pink with phenol-phthalcin. Now, theoretically, 
the volume of dcciiiurmal alkali required, on the assumption that the ethereal extract 
consisted entirely of free fatty acid, would be 0*7 c.c. ; hence less than one-seventh of 
the extract was free £itty add. 

Another indication of the presence of neutral ht and not ^t^acid, which was 
also seen in the other experiments of this series, was the tiifficulty with which the 
ethereal residue dissf)lved in the alcohol. Neutral fat only di'swlvcs in appreciable 
quantity when the temperature of the alcohol is near boiling point, while free tatty 
acid, such as oleic acid, dissolves appreciably even in cold alcohol. Hence, if a small 
quantity, such as a single drop, of olein be warmed iinth a considerable quantity of 
alcohol (50 c.c.)» it remains visible as a round globule until the alcohol is almost 
boiling. On the other hand, a much greater amount of fatty acid dissolves before the 
temjieraturc nf the alcohol is much raised. This qualitative sijfn is of cnns'iierahle 
value in detertiiniw^ whettier <nie is de.ihng with lui extr.tet consistuiL^ chiefly of 
neutnil tat, or ot tatty atid. in the series of experiments on digestion ot soap with 
tissue extracts, it was found, in contranlistinction to those in the present series, that 
the ethereal extracts dissolved in the alcohol with great ease. 

Exfetimem 2. A dog, weighii^ approx luatcly 12 kilogrammes, was fed with 
too i^^rammes of olive oi! nt q 30 a.m. Anaestlien/e^l nt p.m., exposed lacteals, and 
filleii 17 dr.uvii-ouf tubes with chvle, hv clI;t!ll^ open lacteals. Weiijht of chyle = 
1-2990 gramme ; weight of total ethereal extract = 0 061 8 gramme ; weight of free tatty 
acid, calculated from direct titration — o'oo28 gramme ; weight of neutral fat, calculated 
from alkali required for saponification a 0*0564 gramme. 

Expressed as percentages of the total fatty matter, the neutral fat forms 95-3 
per cent., anil the fatty acid 4-7 per cent. 

Experiment 3. A dog weighing 8*6 kilogrammes was feJ. with 50 grammes ot 
olive oil at 9.30 a.m. At 4.30 p.m. (interval seven hours), the ammal was an.iesthetiz.eJ 
with chloroform and ether, and 23 drawn-out tubes were filled with fiitt}- chyle from 
the mesenteric lacteals, in which the amounts of fatty acid and neutral hit were es- 
timated as before, with the following results : — 

Weight of lymph — 0 9550 gramme. 

„ ethereal extract = 01052 

I. 'IIk aban m KotlMorrci't mclbail of cttinuci^ tlw ■mount ot nralcal f<( (tn Sttlton't t^tlmmtlrk .Imtljm, 
Ith <4iti«ii^ p. 402) i foMtnmmy cspcrimc nu with pine neutral olrin |iivc prxticaUjr thcnMilcal t Miilti. 
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Weight of htty acid — 0*0042 gnimme. 

„ neutral fat (as oldn)— O'lO.^! „ 
Percentage of neutral fat — 96*1 

„ fatty acid V9 
Ejiperiment 4. A dog, weighing 1 2 4 Icilogranimcs, was fed with 100 grammes 
of olive oil at 9 a.in., and the fatty chyle wascdlectedat 3 p.m. (interval six hours), by 
means of a pipette drawn oat to a capillary end, from the mesenteric surface after 
puncture of the lactcals, into a smalt porcelain dish. The lymph was weighed and 
cnilysed as before, with the following results 

Weight of lymph = I'fi^ i 2 gramme. 

„ ethereal extract = OM450 „ 
„ fktty acid — 0-0042 

„ neutral fat (as olcin) 0*1326 „ 
Percentage of neutral fat. — 96*9 
futrv acicl - y i 

Accnni'.ngly, the tatty nuutcr present in the mesenteric lacteal vessels Is [>roven 
to consist practically all (upwards of 95 per cent.) of neutral fat, demonstratmg that 
the synthesis from the products of digestion otxurs in the int^nal wall. 

ExPtRIMENTS ON THE NaTURE OF THE FaITY CONSTITUENTS IN THE INTESTINAL 

Mucosa during Fat Absorption 

Immediately after the collection of the lymph used in the preceding series of 
experiments, the animals were killed, and the entire small intestine was removed, cut 
open longitudinally, and thoroughly washed with water to remove adherent matter. 
The intestine was then hid out with the mucous surface upward on a glass plate, and 
the mucosa rubbed off with the back of a knife. The scraped off mucous membrane 
was weighed and extracted first with a mixture of alcohol and ether (i alcohol to 3 of 
ether), and then with ether alnnc. The solvents were decanteil off, the solutions 
mixed, and cvafxjratcd to dryness. The dry residue was next extracted with drj' 
ether, filtered, and the ethereal extract evaporated to dryness. The residue was 
finally weighed, and the amount of fatty acid and fat estimated. 

E}^erimeni t. Total weight of moist mucous membrane » 31-7 grammes ; 
weight of total ethereal extract = 11524 gramme ; weight of fatty acid by titration 
o-i8o2 gramme; weight of neutral fat by difference = o*972i gramme ; relative 
pcrcciitiigcs ot neutral fat and fatty acid = 84*3 and \yj. 

Experiment 2. Weight of moist mucosa = I4 4gnimmes; weight of total 
ethereal extract — 0*8074 gramme ; weight of fatty acid, by titration — 0*2904 
gramme ; weight of neutral fat, by saponification and titration — 0*5303 gramme ; 
rehtive percentage of neutral fat and fiitty adds 64-6 and 35*4. 
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These figures show that the greater part of the hitty material present in the 
mucosa i» in the form of neutral fat, but that the percentage of free fatty acid is 
much greater than that in the lymph collected from the mesenteric bcteals (see 
previous series of experiments), showing that the process of transformation in the 
cells is in progress and incomplete 

Thr results can, liowcvcr, only be taki-n :is .i[i(irn\imate, "^incc it is inipf>ssiblc, 
even with the most carctui washing, to be certain that ali the adherent, unabsorbcd 
and unchanged fat is washed out from between the villi. 

EXI'ERIMENTS ON THt AcTlON OF PaNCREATIC, LyMPHATIC, AND InTE&TINAL 

Tissues and or CsLL-raii Extracts PasPARBD from these Tissues upon 
Solutions of Soap and GtycsaiNB 

These experiments were commenced with the view of determining whether the 
synthe^s of neutral fat, described by Ewald, was due to the action of an enzyme 
contained in the intestinal cells, which might be separable from them, or whether such 
a synthesis occurred only in presence of the surviving, though isolated, cell. 

Hence the first ex[">eriments were Cfuiductcd only with filtcreil ami centri- 
fugall/ril cxtrnrts, hut negative results having solely been obtained with such extracts 
(so tar as such synthetic action was concerned), similar cxpernnents were also 
instituted with extracts containing cells, and in addition, in order to obtain informa- 
tion as to the action of all types of cell involved in fat absorption upon soap and 
glycerine solutions, comparative experiments were carried out with cells and extracts 
of the pancreas and abilominal lymphatic glands. 

The tissues and extracts used were prepared from glands of the cat, dog, ox, 
or pig, and similar ett'ects were in all cases obtained. 

In the case of the intestinal mucosa, the intestine taken from a freshly killed 
animal was cut open longitudinally firom end to end, and then thoroughly 
washed either in a stream of running tap water or with 0*7 5 per cent, solution of sodium 
chloride. In the earlier experiments saline was employed, but in later experiments, 
in which water was subsequently to be used as an extractive agent, water was used 
t )r ptciinnnary washini]; out, and as this was found not to cause any alterations in the 
property of" the extracts, in the later experiments water was always used to wash the 
surface, even when saline was to be employed later as an extractive agent. It may 
be stated here that no difference was ever found throughout the aeries of experiments 
ill the action of extracts made, on the one hand, with distilled water, and on the 
Other hand u '^.l^nc solutions containing 0"J ^ per cent, of '^ niium chloride. 

The mucous nieml)rane, after thorough washing, was scraped oA from the 
intestine in lengths of three to four inches at a time by laying it flat on a glass plate 
and scraping lengthwise with the back of a table knife. In this way a soft semifluid 
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mass was obtaitied, which was gathered into a heap on the glass plate and chop|>cd 
u'th rhf knife. It was then trnnsfcrred to a mortar and rublied up cither alone or 
iiiixcd with fine sand. i'ortions were then weighed out and extracted with 
appropriate quantitie» of the various extractives for varying tima in an incutiator at 

36' c. 

In those cases where the action of the cells was to be tested, the ingredients to 
be actcii upon were added in weighed quantities before this first period of digestion 
in the incubator. In some cases chloroform was added as a preserviirive, hut in 
ethers, to prevent aity paralyzing action upon the cells, this re-agent was left out. 

In the cases where the action of extracts onljr of the cells was to be tested, the 
tissue treated as above described was allowed to undergo digestion (or a variable 
period, in presence of chloroform/ to prevent bacterial growth. The extract was then 
filtered, afterwards thoroughly CMtrifugalized, • ^ olc.ir extract used for the 
cxperimcnf;. In the case of the pancreas and atxlonim il lymphatic glands, the tissue 
was tir^t finely minced and subsequently treated in similar fashion to the uitestinal 
mucosa. 

The strength of the extract employed was varied in the different experiments, 
and the strength is stated in each case. The soap used was sodium okate, which 

was prepared from pure olive oil. The oldc SCid cd)tsttt)cd by hydrolysis of this soap 
had a melting jwint of i 7- s ^ C, and 0-214 gramme required 7*6 c.c. ot -,^~caustic soda 
for neutralization, the theoretical amount being 7-57 c.c. 

SCRIBS I 

Exptrintftit I. The small intestine of a cat in which digestion, chieflv of 
bread, was going tjn, but no fat was visible in the lacteals, was treated as above 
described, saline being used as the washing Huid. 

A quanti^ of about 20 grammes of mucosa was obtnned, and digested with 
four times its volume of normal saline for tCxnttf hours in an ittcubaior at 33^ C. The 
extract was tfien filtered and centrifugalized, when a perfecdy dear, slighdy ydlow, 
solution was obtained. 

Ten cubic cetitimctres nf this riuul were taken in a test tube, aiui, after the 
a.Idition of 0-2 gramme of sodium oleate and 0*052 gramme of glycerme, the mixture 
was placed in a bath at a temperature of 38-5 C. The test tube was agitated after it 
h:^ attsuned the temperature of the bath until all the oleate added had dissolved to 
a dear solution. 

After an interval of one hour a few oily globules were visible under the 

niicrosL'i)[ic. 

Next nit)rning, an interval ot seventeen hours thirty minutes having elapsed 
met the commencement of the experiment, the fluid was yellow and cloudy, like an 

I. To lint ml^ alM^ die mUim, m waMt, mcd at an citracliw wu tterUiaed ky pcYiowly hajtini mil anowipf ta cmI 
kcfen UM. Tbii wat tuaaA to he ■ «cfy wfal ffc«autiaa. 
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emul«on, ami some Jrops of marerial insoluble in th« fluid were found floatinu '>n 
the surface, wfiilc utuicr the \ow |v)wer of the microscope a large number of <x\\ 
globules of varying size were visible. 

ExpirimdU 2. The aixloniinal lymphatic glaiuis of' the same cat, which wa> 
used far experiment i« were taken, and likewise digested at 33° C for ninety hours in 
presence of chloroform, with four times their weight of normal saline. The extract 
was filtered and centrifiigalized, giving a clear reddbh-yellow fluid in which no 
cellular elements were visible under the microscope. 

Ten cubic centimetres of this fluid were taken, o'l gramme of sodium ole uc, 
and 0 052 [jramme of j^lycerine were addeii, and the clear fluid obtained on warminji 
to 33-5° C. and agitating, was digested in a bath at 38-5 C. 

The experiment was started at 6 p.m., and next morning, at 10. .30 a.m., 
(interval 1 6h. 30m.) there was a thick layer of yellow-coloured oil on the surface 
which formed atenipor u v emulsion on shakiiiti, and the fluid gave Under the low 
power a field Allcd with globules, closely resembling milk as seen under the 
microscope. 

The strength of the lymphatic gland extract in this particular cxpennienr^ 
juiiging from the depth of the oily layer, was much greater than that of the extract 
of intestinal mucosa, but later experiments showed that no general law to this etTect 
applied. 

The oily layer here formed looked so like olive oil, and the appearance of 
the globules under the iTiicrf>^co|ie so closely resembled that of fat globules as seen 
in milk, that it was at hrst thought that oK-in had been synthesized from the sodium 
oleateand glycerine added to the extract ; but a determination of the amount of iree 
£itt>' acid in the oil soon dispelled this illusion. 

The contents of the test tube were extracted by shaking four times with an 
equal volume of ether. In this process, it -v.i ihserved not only that the oily layer 
disappeared on the first addition of ether, Init ai^ i in t'lr *<haking up with this (irst 
p.'>rti<>n of ether, the ;u]Uf'r)us layer became (]uife : k ii', I lie four portions ot ether, 
after separation from tne aquc<)us layer, were united, tne einer was cvajxjratcd off, and 
the residue weigheii (wt. =o'ii88 gramme). The residue was then dissolved in 
warm alcohol^ and the solution was titrated with deci-normal sodic hydrate, using 
rosolic acid as an indicator, ,r7 c.c. were required for neutralization, indicatin:.' 
O IC40 gramme of oleic acid. Hence M~-5 per cent, of the Soap decompotied by the 
extract hail gone to form oleic acid ami not neutral tat. 

It might be thought that the development of oleic acid here occurring was 
due to acidity of the lymphatic extract employed, but a portion of the same lymphatic 
extract, which had, therefore, also been ninety hours in the incubator, was tested 
with rosolic acid and found to be alkaline, the alkalinity bdng equivalent to of 
sodic hydrate. 
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Hence, if the setting free of the oleic acid be due to an acid formed in the 
lymphatic extract, that formation only occurs in the presence of the soap, and is a 

conconiitanr of" the action upon the s();)p. 

J'xptnment x. The production of acitl from sortn is not stoppcti by the 
prolonged iictiuii at sulphuretted hydrogen' u|)on the tissue cells or extracts, as is 
shown by the following taken from a number of experiments. 

The abdominal lymphatic glands of an ox, obtained fresh from the abattoir, were 
cleaned free of fat, minced finely and extracted with five times their weight of distilled 
water iti an incubator kept at 36" C. for a period of ninety-two hours. 

Before the flask ronraininir the cells was placed in the incubator, it was 
thoroutjhlv snruratc .'. \^ 'U sulphuretteil hydrogen i,'as and tightly corke<!. At the 
end ot the interval, the euntents of the flask still had a strong smell of sulphuretted 
hydrogen. The fluid was now filtered from the tissue elements, and a water-clear 
extract of a greenish-brown colour was obtained. This was charged again with 
sulphuretted hydrogen gas, corked, and allowed to stand for ten days at room 
temperature ; it was then filteretl from a slight deposit o{ sulphur, and found on 
tcstijig to be slightly acid ; aciility = - The fluid was hence made slightly alkaline 

by addition of excessof sodium carbonate, alkalinity = to rosolic acid as indicator. 

A portion, measuring io c.c. of the alkaline extract, which had been thus 
subjected to treatment by sulphuretted hyilrogen, was taken, and to it were added 
0.8 gratnme of sodium oleate, and 0*4 gramme glycerine. The flask containing the 
mixture was then saturated with sulphuretted hydrogen, corked, and placed in an 
incubator at 36° C After twenly-four hours digestion at this temperature, an oily 
layer had appeared on the surface of the flask, and a single extraction with ether gave 
a residue weighing 0'355 gramme, and containing 0*341 gramme of free oleic 
acid. 

Experiment 4. In three cats, in which the stomachs ami intestines were empty 
of food, the pancreas and small intestines were removed, prepared as before, and 
digested with normal saline for a period of forty-three hours in an incubat(>r at 36*^0. 
The solutions were made distinctly alkaline at the end of the period to phenol- 
phthalein, and the strengths were then made equal to one in nine of the fresh tissue. 

Each extract was then divided into four portions of 25 cc. each, which had 
substances atlded to them, and were treated as tollows : — 

No. 1. 25 c.c. extract 4- 0'5 gramme oleate + 01 gramme dextrose 4- 0*1 6 gramme 
glycerine. 

No. 2. 25 cc. extract 4- 0-5 gramme oleate +o- 16 gramme glycerine. 
No. 3. 25 cc. extract 4- 0*5 gramme oleate. 

No. 4. 25 cc. extract 4- 0'5 gramme oleate + boiling before digestion. 

I. lli.-ir expcf inirntt wcrt- ikviMril lo initiate tlir re-lucin^ c(>n>filion presrnc In liic iiitciliiir, :itio i<i tavmar the synthci* 
"i nrulr il UU thry »i'7c corne l out u ith pjn>.ic3] and iiitislitial lOildiM, m iiii>ti(iai) tu :yni| li.ilic (tlaiiJ., it llww dCKtibci, 
u) M cuci favc DCfMivc roulii rrgaiiit tat >ynthc(M an<l paiilitc » icgardi icid lorputicHi ttom tuap. 
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After this procedure, die eight tubes were placed in a water bath at 36** C.« 
and examined at intervals. 

Iniestine. Examined nne-and-ft-hdf hours later, all four of the intestinal tube* 
showed turbidity, and, under the microscope, thickly studded fields of oily globules. 

Examiiteti after the lapse of nineteen hours thirty-five minutes, all tour of 
tiie intestinal extracts show a thick creamy layer on top, a litde less marked on the 
boiled tube. No. 4, than on the others, but still very obvious. Under the mtcto- 
acope all four show fields crowded with oil globules. The reaction of the contents of 
all four tubes is still distinctly alkaline to phenol'phthalein. 

PiDurcdf. The fmir tulxs lonf-aining pancreatic extract examined one hour 
after the commencement ot the digestion show in each case a milky fluid, and the 
microscope demonstrates abundance of oily globules. All four tubes give an alkaline 
reaction to phenoI-phthaliHn, but less strongly marked than in the case of the 
intestine. The action obviously is more intense here than with the intestinal extracts. 
Examined at the end of eighteen hours, there is a thick layer of oil and cream at the 
top of carh tube, which is not apparently any less in the boiled tube than in the other 
three tubes. 

Microscopic examination shows in all four tubes oily globules of all sizes, and in 
great number. There are apparently -no &wer globules in No. 4 than in any of the 
other cubes. 

The four pancreatic tubes are all still alkaline to phenol-phthalein. 

The eight tubes were then extracted with ether, and the weight of ethcre il 
extractive, and amount of free tatty acid determined as above described ; the results 
are given in the following table : — 





CnlMli el label 


Wciftbt ..f 
ctbcnal cxitjct 


Wcijhl of frtr 
ujric acid 


Prrcfntig* of 
frrc oUic acid 




No. 


1. 


Olcalc gljrcrinc + dextrose ... 


0-1 800' 




9^-4 




No. 


2. 


Ulcatc + gl}'cerin« 


* 


o'i2;6 


99-8 


.£ 


No. 




OU-^tc alone ... ... ... 




0*1466 


917 


s 


No. 


4- 


Oieatc alunc, ihcn boiled... 






gBro 




No. 




Olcaic + giyicriiic + dextrose .. 


0'268X 


0-2580 


967 


•/I 

rj 


No. 


2. 


Olcjtc + glycerine 




0-2312 


90-0 


n 


No. 


%■ 


Oit itc alone 


0-2176 


0-2 140 


98} 




No. 


+■ 


Oic;)tc alone, then Ixiilcd... 


0239+ 


0-2284 


9?-+ 



I. The wei|]iinc> wen l«k«B l» | «f it niltiimnict 
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The results of this experiment shovs that the formation of free acids is greater 
throughout in the aae of pancreatic tissue than in that of the intestinal mucosa. The 
presence of dextrose apparendy increases slightly the amount of free acid liberated, 

but has nn action in producinw any synthesis nf neutral fat. 

Exp'-rtnunt 5. Since it might be supposc«l that in the preceding experiments 
the soap was hydrolysed by the water or saline used as a solvent, and not by any 
active constituent of the tissues extracted, a series of controls was carried out in which 
the same percentage of soap was dissolved, as follows : — 

No. I. Distilled water, 40 c.c. + sodium oleat^ 0*8 gtamme + glycerine, 0*4 
gramme. 

No. 2. Normal saline (075 per cent.), 40 c.c. + sodium oleate, 0*8 gramme, 
+ glycerine, 0'4 gramme. 

No. 3. Sdution of Na^Co, (0 2 per cent.) 40 c.c. + satwation with carbon- 
dioxide 0*8 gramme of sodium <^te + 0'4 gramme of glycerine. 

No. 4. Oxatated |Mg*s plasma, 40 c.c. .f- sodium oleate, 0-8 gramme -1- 
glycerinc, 0'4 gramme. 

All tour flasks containing these respective solutions were placed in the incu" 
bator at 36° C. 

Examined as soon as th^ had attained the temperature <^ the incubator, 
No. I was found to be completely dissolved to a dear solution ; Noa. 2 and 3 were 
opalescent and contained a good deal of undissolved deate ; No. 4 was dear, but 
contained a small amount of undissolved oleate. 

Examined four hours later, the appearance prcsetited to the eye was much the 
same as at the previous examination, while microscopic examination showed no trace 
of fat globules in any of the four, merely fine amorphous granules were present in 
Nos. 2 and 3. 

Examined forty-six hours after the commencement of the experiment^ during 

^1 of which interval the four flasks had hren kept at a temperature of 16° C, Nos. 
I and 4 were found to he perfectly tlcar solutions without a trace of cloudiness or 
precipitation, and showing a clear field under the niicrobcope. Nos. 2 and 3 were 
opalescent and contuned a sediment, but when examined by the microscope showed 
no trace of oiljr globules, and there was no surface layer of oil. 

Hence these controb clearly demonstrate that the formation of oleic add 
observed in the previous experiments was due to some hydrolytic agent present in the 
extracts of the tissues. 

Series 2 

In the previous series of experiments, extracts free from cells were employed, 
and attention was now turned to the products obtained when the cells were (ureaent, 
along with the same constituents as in the previous series. 
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Also, to itiAke the experiment* comparable with those of previous workers, 

the solutions, after digestion, were evxponited down to dryness before extnicdon and 

then extmcteil with ilrv t thrr. Moreover, fo equalize, as f;ir as jiossiMt.-, rh- a!>iount 
nf soap dissolved by the ether, (.DiitniN uerc employed in which an equal jiertentage 
of soap was added after evaporafiny tlie control (to which no soap had been pre- 
viously added) to dryness. This was the method followed by Hambukcer, who, 
however, did not add a definite weighed quantity of soap to the controls, but merely 
an apjiroxiniately equal quantity. 

By this nut'ii >i the quantity of frif il ethereal extract is largelv increased, hut 
the control fMpn imr'U'-, as well as the tictci niin.itinn'; ft Srrie** ] (viJe in/ra)f ihov/ai 
that the increase was tiue to dissolved soap and not to ntuaal tar. 

Experiment i. The intestinal mucosa of a cat was prepared as usual, and two 
quantities of 6 grammes each were weighed out. To portion No; t, 30 c.c. of normal 
saline, 0 6 f,'ranime of sodium oleate, and gramme of glycerine were added ; 
and to portion No. 2, 30 c.c. of normal saline oisly werr ndded. 

l"he two flasks were placcv! in tht- incuhatnr tor .i period ot fort\'-tliree hours 
at 36 C, and were then taken out and the contents evaporated to dryness in porcclaiit 
basins on a steam bath. 

When both were dry, 0*6 gramme of sodium oleate was added to No. 2, and 
then in each case four extractions were made with ether. The ethereal extracts were 
united in each case, the ether was evaporated oflT, and the two residues were weighed, 
liach residue was then dissolved in warm alcohol, and the amount of free fattv acid 
determined by titration with ^^ alkali, using phcnol-phthaleiu as an indicator. 

The results are given in the following table : — 





Welihf «r 

Cthcftal MlTKt 


WriyhiDfAw 
•ieic «cM 


DiMcmiM ' 


PCf«cnt*gc 
Trtc olcM mM 


No. 1 

No. 2 (control) 


0-6290 


0+399 
0-1510 


0-1891 
oii9« 


699 
677 



Here it is obvious that a considerably greater percentage pf oleic acid is 
extracted in No. i than in No. 2, on account of the previous ^hydrolysis, but the 

difference between total extract and oleic acid, as shown in the third oohimn, is nearly 
equal in the two cases, there being a ilifFerence of only milligrammes. Further, 
this difference is found in the opposite iiirection in the succeeding experiment 
( vide infra )^ and hence lies within the limit of experimental error and does not 
indicate any formation of neutral fat. 

The considerable amount of oleic acid obtained in the control (No. 7) of this 
experiment, at first sight appears to indicate that ether is capable of extracting oleic 
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acid from dry sodium oleate, this is not, however, the source of the oleic aciii here 
obtained, as is seen frv:m the coiUiols in Experiment i. Series 3 (vide infra). The 
source t)t this oleic acid is the neutr ii tar of the murns.i if-rlf. 

Experiment 2. The abdominal lymphatics of tne same animal used in 
Experiment i were finely minced, and treated like the intestinal mucosa in that 
experiment. 

Portion No. I weighed 1-83 gramme, and wa« treated with 18 c,c. of 
normal saline, 0.36 gramme of sodium oleate, and 015 gramme of glycerine. 

Portion No. 2 weighed i '63 gramme, and was treated with 16 c.c. of normal 
saline only. 

The two portions wete digested in the incubator at 36^0. for a period of 1 1 5 
hours ; both were then evaporaiett to dryness ; 0*52 gramme of sodium oleate was 
added to No. 2, and each was then cxtractcil four times with ether, and the weights 
of total ethereal extracts and amounts of free fatty acid present were determined. 

The results, call iilated for convenience of comparison to two grammes of tissue, 
arc given in the following table : — 





Wclfill of 
ethereal csinwt 


oleic Mat 


Dtlfcrnwr 


llR Alric acid 


No. 1 


0*40x4 


o's7Si 






No. s (control) 


o-37«2 


0-183$ 


OI9J7 


48'z 



Here the difltrence between total extract and free acid, as shown in the 
third column, is somewhat greater in the case of the control. 

Skriks 3 

In this series of experiments, extracts containing cells were used in s(Jine of 
the experiments, and celUfree extracts in others. In all cases, in addition to 
determining the free fkt^ acid, the amount of neutral &t was also determined after- 
wards by KOttstorfer's saponification method) and was always found very low. 
The tT^-.j-es given in the various experiments are inteniird to show how low the 
amount is, but do not quite acc.j'-nTelv rt-j rt-fit it, f:>r t!u- amnunt // '/«v, present is 
quite too small for accurate determination. These figures arc based on amounts of 
standard alkali of 0-05 to 0-25 cc, and it is obvious that calculations based on such 
small quantities exceed the true values, since a distinct reaction with the indicator 



I. Tht much Imwi p<rcciiU|r of akic mM in ihb mi tbc pr«c4in( apcrimciM n im M lite 4rjr tnctlwil of ratrution, 
in whicli msrc toip it iltwolvtd ihaa whni ibakif^ Hp of tbc lolimit with the tqiitMi* eilrict it cmpla^J m * nctlml «f 
««fOT«ioa. The wamA aniaiiiit vH olck add fvmicd w, bnmvcr, at frcM in time iwo eafcrimcM* «■ in the «lb«r«. 
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was obtained in each case. In other words, the figures merely show that any amount 
of neutral fat which may be tbrtned under such conditions falls within the llmic of 
experimental error. 

In each experiment of this aerio, a dtytston of tiw extract into (am portions 
was employed. Portion No. i had i per cent, of sodium oleate, and t per cent, of 
glycerine added ; No. 2 had 2 per cent, of sodium olcate alone ; No. 3 had 2 per 
cent, of sodium oleate addcd after previous boiling j and No. 4 had nothing added, 

and was not hoilcd. 

A comparison of the results after digestion will hence show the crtcct, if any, 
of presence of glycerine as between Nos. I and 2 ; the effect of boiling upon the 
production of oleic acid, as between Nos. 2 and 3 } while No. 4 gives the amount 
of hay extractives and action thereon in the tissues or extracts alone. 

The four portions, after the above preparation, were in all cases subjected to 
digestion for an etjua!, hut variable, jx;riod, which is recorded under each experiment. 

The four |H>riionb were next evaporated to dryness on a steam bath, and each 
dry residue was then treated by the following method. 

The remdue was extracted flour times with ether ; the ether was sepatated oiF 
and evaporation to dryness gave the total ethereal extractive, which was weighed. 

The ethereal residue was tlissolvcd in warm alcohol, and titrated with deci- 
imrni.il sridic hwitafr, iis-np phL-nol phthalcin as indicator, titrating rapidlvand tnlcinc 
the first appearance ot a pmk tmgc to indicate neutrality, so as to avoid saponification 
of any trace of neutral fat which niiglit be present. 

After neutralizing the free fiitty acid, the bulk of the alcohol used as a solvent 
for the titration was evaporated off to prevent dilution of the standard alcoholic 
potash, now t ) he used for sajionification. 

Tile alcoholic potash employed for saponifirrttinn was made up approximately 
of J strcngtli. .As it very slowly changes in strength on standinL; it was titrated 

against standaril ^ hyi^rnchloric acid, immediately before usitig for each experitnent, 
and the result so obtained used for that experiment. 

In each case 10 c.c. of the alcoholic potadi was added and the mixture boiled 
in a flask, fitted with a reflux tube, for twenty minutes. The mixture was then titrated 
back to neutrality with standard " hydrochloric acid. Thus if 10 c.c. of the alcoholic 
potash used required 9-6 c.c. of ^ acid, and after boiling with the previously neutralized 
ethereal extract required 9-45 c.c, the amount of alkali used in sa[X)nifying any neutral 
fat present would be eijuivalent to 015 c.c. of ^ hydrt)chloric acid. 

LxptrmeHi I. Intestinal cells (pig) in distilled water; period of digestion, 
seventeen hours. In each portion 10 grammes of intestinal mucosa, 30 ex. of distilled 
water ; to No. T, added 0'8 gramme of sodium oleate and 0*4 gramme of glycerine ; 
to No. 2, 0-8 gramme of sr)dtum oleate only ; to No. 3, o'8 gramme of sodium oleate^ 
after previous boiling ; to No. 4, nothing added and not boiled previous to digestion. 
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The results arc given in the following table : — 





1 otai rinff cal 


Okk Kid 


OWIa 




No. 1 


0-80J4 




0-0*94 


0'579« 


No. i 


0-6169 


om88; 


0-0368 


0-3915 


No. 3 






G-0368 


0-41 10 


No. 4 




0-0309 


O'Otl 1 


0-0016 



It is here olmous'froxn cdumn three that the oletn present is exosedingly 
smaU, and when the amount present in the tissue itself, as shown in No. 4, is deducted, 
comes well within the limit of experimental error. Columti four again demonstrates 
that the difFercnce between t0t.1l extract and free fatty acid found in all the previous 
experiments is due to dissolved soaps. 

Addenda to this ExfERiMENT 
No. I. Controls with JislilUd waler. — The effect of the processes used in the 
above experiment upon solutions in distilled water {a) of sodium olcate and glycerine, 
and (^) of sodium oleate alone, in identical strengths widi those used in the experi- 
ment, was next tested, the same quantities of solution, period <^ digestion at the 
same temperature, and the same methods of extracting and titrating being employed 
throuu!uHit. These controls serve also for the succeeding experiments of this series. 



results were as follows :- 












Total tllicrni 


OMcadM 


OMb 




No. 1 (olcate + gljrcerine) 
No. s (oleate akme) 


0^615* 

o'574* 


01*0704 
0*0760 


0*0147 

o*oa94 


0-5J0I 
0-469S 



The results also show that the oleic acid formed m the case of the intestinal 
«xtracts was not due to the experimental procedures employed, and that the olein 
there found lies within the limit of experimental error. 

No. 2. Action of the intestinal extract after evaporation to dryness and extraction 
ivith ether. -—As experiment had shown that boiling for five minutes (in No. 3 of the 
previous experiment and elsewhere), although :t somewhat (jiirtinishci! the pciwcr of 
the extract to produce oleic acid from sodium oicUc, btiU left a coiisuierahic amount 
of activity untouched, the reddue of No. 4, weighing 0 5786 gramme, to which no 
soap had been added, and which had not only been boiled but reduced to dryness 
and then extracted with ether so that it contained no fiitty matter, was tested as to 
whether it still possessed any acdvi^ upon sodium oleate. For this purpose it was 
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extracted u ith 40 c.c. of di'^tilled water, aruf o*8 gramme of sodium olcatc was now 
ad«.lcil, ihc mixture was digested at 36^ C. for a period of seventeen hours, and then 
the determinations made as before with the following results : — 



Totnl ethereal 


0;?!r sri.i 




Sinp 


0 5351 




00147 


02446 



This experiment, therefore, shows that the substance causing the hydrolysis 
of soap into free fatty add is not destroyed or removed by prolonged heating to 
boiling point, such as takes (dace m evaporating to dryness on a steam bath» nor by 
extraction with ether several times. • 

Experiment 2. Digestion with intestinal cdls (pig) in distilled water for a 

shorter period. (Inrrrval two-and-.i-h,iir hours}. 

I'he quantities taken, and. tvptTinu'nt.il [Mo^cdvirfs wore as in I{ xpcmiicu: i, 
but the time of digestion was rcduccvl from scvcniccn to two-and-a-lialt hours, the 
results were as follows : — 





TatJil cAeirjl 


OlticuM 


Ok.n 


iatf 


No. 1 




0-1664 


0-00-3 


0-3851 
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The amounts of oleic acid here formed are almost as large as in the longer 
period of digestion, showing that equilibrium had practically been reached in the 
shorter interval of two-and-a-half hours. 

Experiments. Intestinal cells (pig) in 0-75 per cent, saline, quantities and 
procedure as in previous experiment^ interval two-and-a-half hours. 
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Ei^mment 4. Clear inteattnal extract (pig) in distilled water, one of gland 
to five of water, period of extraction ~ 44 hourSt period of digestion — 2^ hours. 
5^uantities taken and subsequent treatment as in previous experiments. 
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Experimeni 5. Clear intestinal extract (pig) in 0-75 per cent, saline, one of 
glanil to five of saline, period of extraction >» 44 hours, period of digestion 
«— 1^ hours. 
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Expctimem (>. P.iiuTcattc cells (pip:) in O"'!; )xfr cent, saline, one of* inland 
to seven of saline, period of digestion » 15 hours, quantities and procedure as 
before. 
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The olcin tound in this expcrunent arises from the fit present in the pig's 
pancreas (compare Experiment 7) ; it is true that the amount in the control, No. 4, is 
somewhat less than that present in the other three, but this is probaUy due in great 
part to the protective action of the soap present in Nos. i, 2, and 3, which is attacked 
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by f!ie active substance of the gland. It may he noticed that the boiling of No. ; 
diminishes the formation of oleic acid (No. 3. column z) much more markciily than 
in the case of the intestinal anil lymphatic extracts. 

Experiment ". Clear pancreatic extract (pig) in 0*75 per cent, saline ; one of 
gland to seven of saline; period of extraction >* 23 hours ; period of digestion -16 
hours. 
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Expenmeni 8. Abdominal lymphatic cells (pig) in 0*75 percent, saline ; one 
of gland to seven of saline ; period of digestion .15 hours. 
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Ettpmmatt 9. Clear extract of abdcmiinal lymphatic glands (pig) in 0-75 {>er 
cent, saline ; one of gland to seven of saline; period of extraction. 23 hours; period 
of digestion -•16 hours. 
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DlSCU&SIOK or THE SYNTHETIC ACTIVITY OF EnZYMES ANU OF LiVINC CeLLS 

One of the most important results obtained from the work described above, 
is that fieither cell-free extracts of the intestinal mucosa nor detached cells are capable 
of synthesizing neutral fats from their constituents ; the positive results ia this 
direction obttined by previou* workers being shown to be due to mcompleie anilysis 
of the products obtuned. On the other hand, it is quite as clearly demonstrated, bjr 
the experiments on the nature of the fktty constituents contained in the mesenteric 
lymphatic vessels during fat absorption, that all the neutral fat decomposed during 
digestion is resynthcsizcd during the process of absorption back to neutral far. 

This result is in full accordance with the facts known regarding cellular activity 
as contrasted with enzymic activity throughout the body generally, and naturally leads 
the mind to enquire what are the usual respective limits of enzymic and cellular 
activity, and to a contrast between the types of diemical reaction induced respectively 
by iaohted enzymes and by living celb. 

It is at the present time hecomintr increasingly fiishioti.ible to attribute all the 
chemical processes occurring in living cells to the {ircsence in the cell substance of 
soluble enzymes, which, if we possessed sufficient knowledge of the necessary 
manipulation, might be satisfactorily isolated, and made to perform their work apart 
from thdr natural laboratory, the cell ; so that if all the contained enzyme* had been 
isohted in common solution, the chemical changes occurring in the cell would be 
capable of being brought about by that solution. 

There exists, however, no sufficient experimental basis for such a generalization; 
there is no proof, in the first place, that all chemical changes in the ceil are due to 
enzymic action ; nor, in the second place, even admitting that the process is carried 
put by a number of enzymes acting in consort, that the presence of the living 
protoplasm is not nsential for correlatitig the work of the enzymes concerned, and 
regulating the extent of activity of each, so that a number of complex chemical 
reactions may be conibiiicd in such .1 f;ish:o;i as t ) yield detinue end-products in 
definite proportions. When a comparison is made of the products elaborated by the 
living cells of the body, and those produced by the activity of enzymes, certain very 
important diflerences become apparent, which may here be reviewed. 

Ih the first place, the type of reacHM Muced by etoyma is very simple compared 
'x'uh that brough! al'iut by cells. The vast majority of cn7.ymic reactions are simple 
hydrolyses, such as cm readily be imitated by dilute aci^is or alkalies ; m other cases there 
is nierely a simple molecular rearrangement, or at most, the detachment ot the elements 
of water and carbon-^lioxide, as in the case of the yeast enzyme. On the other hand, 
when the activity of living protoplasm is called into play, there occurs a building up 
of most complex chemical products from simple constituents, such as has only been 
imiuted in a few of the less complex instances in the chemical laboratory, and then 
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under conditions of tempemture and presence of reagents such ss cannot occur in the 
living cetl, and hence by methods entirely different, and probably ^th types of energy 
difl^nt from those utilized in the living cell. 

If the more complex operations occurin^ in the living cell were due to th-j 
action of enzymes, there is no apparent reason why such enzymes should not be 
equally obtdnable alongside the enzymes which induce the simpler chemical changes. 
No such enzymes have, however, hitherto been obtained from living cells, and hence 
the view that sudi are due to enzyme has no experimental basis, and room 

Is certainly left for the alternate hypothesis that these complex syntheses, which, under 
the given conditirtti'^ ZTC peculiar to living matter, nre hrought about by the presence 
of the living protoplasm, and {xjssibly by the development of a type of energy 
peculiar to living matter, and capable of acting, in presence of the cell which plays the 
part of an et)erg)'-transformer, upon the substances present in the cell and cauMng 
chemical tranafonnations which give rise to the complex syntheses under discussion. 

/I second point of tiislinction benveen enzymic action and cellular activity is, that no instance 
is kmtrn in zvbiit ,i markedly endo-thermic reaction is (dpdhU 'J bfifv^ induced by an 
enzyme, while there are numberless exat^Us of such reactions betng brought about by tbe 
action of living cells. 

This is a characteristic difference of fundamental importance^ whatever the 
exf^anation of it may be, and points to a much more complicated machinery for the 

induction of chemical action in the living cell than that which is present in the CSSe 
of the e!\7ymc. Tr is ohvimis that the cncrgv f ir slu h vrni' >-rhcrmic reactions cannot 
come from the small amount of cell prntoplasm, aiui hence it follows that the cell, it> 
virtue of its structure, or of ioinc intermediate type of energy connected with its 
structure;, as a living organism, is capable of acting as an energy-transformer. The 
form of external energy so transformed may be very varied, it may be light energy, 
as in the case of the chlorophyll-containing cells of growing plants, or surplus 
chemical energy, as in the transformation of carbohydrate into fat by the connective 
tissue cell of the anima! h )Li\ . Even where only chemical sources of energy are 
involved, the action of the living cell is different from that of a single enzyme, in 
that energy which is obtsuned from the oxidation and breaking up of one portion 
of a substance can be stored in some fashion and utilized for the building up of other 
substances containing more chemical energy than that from which they were formed. 
Such a complex activity proceeding upon like substances in opposite directions at the 
same time has not been recorded in the case of an en7vnie, and indicates a comp!cx-fv 
of action in the case of living cells which is absent in enzymic action. Thus, when 
from a supply of carbohydrate food to a living cell, fat is formed, the process must 
consist in the oxidation of a part of the carbohydrate, and the energy so set fr«e, 
instead of passing out of the cell as heat, must be utilized by the cell to yield the 
energy necessary for the reduction and combination of other mohM;ules of the 
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cnrhohydrarc to form fit. No en/vme is known which can utilize such a supply of 
energy to tortn tat trom carbohydrate, aiui hence if seems probable thnt the 
living cell is capable of developing ati intermediate form of energy, which then acts 
upon the portion of carbohydrate to he changed into fat, and yidda to this the 
necessary energy for the proceMea of reduction and combination required for the 
production of fat. 

Such a view of a type of energy peculiar to living matter is widely Jifferent 
from the old view of a vital force or vital encrp^v of a nivstic character, and with no 
relationship to the forms of energy found in non living matter. 

To prevent confusion, the term vital energy ought not to be used to represent 
it, the term ki»tk tmgy is here suggested, to indicate that from a definite amount of 
energy of any given type, such as sohr eneigy or chemical energy, a type of energy 
may be produced which is capable of developing other forms of energy in the cdl, 

such as mechanical or thrrma! encrgv, or the energy necessary for the projiirtiofi of 
endo-thermic relictions, anvl the evolution thereby of the complex products of organic 
synthesis manufactured by the ceil. 

It cannot be too strongly urged that the production of urea, or the sugars or 
other complex ot^^ic substances by laboratory reactions, which were at one time 
bdieved to be capable of production only by the cell, cannot be used in any sense as 
a proof of the non-cxtstence of such a type of eneigy as has been enunciated above, 
and styled biotic energy. 

Even bad every imitviduai suhsnDue formed under usuai conditions in nature been 
jrfHthemtd in tke dmiea/ lebmaory, no proof wimid Aerehy he ffven ikdU sneh suisutnets 
are firmed in the Itving cell from the identical types of energy^ or by the same intermediate 
processes^ as tbey are formed experimentally in the laboratory. 

In proof of the above statement, it may be urged that the same chemical sub- 
stance may be formed synthetically by the use of different forms of energy ; in one 
case say by thermal energy, in another by electrical energy, and yet in another by 
radiant energy. If these are to be r^rded as distinct types of energy, so also must 
the energy of the living cell, which carries out operations inex^dicable by the applica- 
tion of the hiws of diffuMon and osmosis to the cdl. 

The fact that in the living cell there exists a mechanism for energy transforma- 
tions dissimilar in structure and properties from anything found in inorganic or non- 
living n.iture, and producing ics'.ilts which cannot be imitated unda' stmiitir (undilions 
by any other form of energy-transformer acting only with non-biotic forms of energy, 
points strongly to the conclusion that the cell develops a type of energy peculiar to 
itsdf, with its own easily recogni«ed criteria, which distinguish it ftom other forms of 
energy, and which is interchangeable in definite proportions with and for these other 
forms of energy. A form of energy as full of mystcr)- as to its nature and properties 
as any of the non-biotic forms, but no more mystical than any one of them, and no 
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less rtrongly characterized and diflfisrentiated from them than they are from one another. 

Whether it be granted or not that the living cell intcrmediarely develops a 
tvpc of energy peculiar to itseit', the experimental fact remains that the cell is capa'ilt 
ot inducing actions ot greater complexity and involving more markedly endo-thcrmic 
reactions than the soluble ferment. 

Thus the reaction induced by the enzyme is of a aknpk type^ either a singk 
substance is resolved into two or more sabstances» or by an inverse change two or 
more simple substances are united to form a single substance ; there arc no intercurrent 
reactions of different type involved. But in the case of the cell, several reactions take 
place concurrently, and the energy set free from one reaction is used in running 
another, so that the whole process becomes complex and of a character, as to the 
nature of products formed, which is quite diflferetit from that due to an enzyme. 

In one important respect, however, the action of the living cell and the enzyme are 
identical* that is, that neither the living matter of the cell nor the substance of the enzyme 
enters permanently into the chemical reaction imjuccd. The quantities of matter trans- 
posed from one chemical form to another arc disproportionatelv large, compared to the 
nusses of cell or enzyme responsible for the chemical change, and hence, both cell and 
enzyme must be regarded essentially as encrgy-tnnsfbrniers for chemical energy. 

The ftct that enzymes are incapable of inducing markedly endo-thermic re* 
actions is due to the hct^ innstcd upon above, that the reaction is simple in type^and 
hence an enzyme cannot oxidize part of the material, anvl utili/c the supply of enrrgv 
obtained Jor the lorination, by an inverse proce'S'?, ot a substance containing niorc 
chemical energy per unit weight than the origmal substance. 

An enzyme can, however, under suitable conditions of concentration of the 
solution and temperature, induce synthetic change by altering the level of the equi- 
librium between the various types of tnexgy interacting in the system. 

Such synthetic changes due to enzymes occur, however, only in the case ot 
reaction?; in which there is little change of chemical energy, as shown bv the equalin* 
of heats of formation, withni the limits of experimental error, of the substances 
involved in the reaction. 

No ^nthesis due to enzymic action has been shown to occur where the heat 
of combustion of the substance formed in the synthesis is measurably greater than 
those of the substances from which it is formed. 

All such rcacrinns belong typicallv to the class of reactions known as re-vfrsthk 
rctiiiit/fis, ,\nd in theni the amount ofcheniic.il energy mvt)lvcd in the reaction is sniidl 
compared to the masses of the reacting substances, or to the thermal capacities ot 
those masses. 

In such reactions the equilibrium point is that stage in the reaction at which 
there is equilibrium between the potential factors of the forms of energy (l»z., 
osmotic, thermal, and chemical) involved in the reaction. 
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In any given reaction the greater the difference in chemical potential, as 
measured hf difference in heat of formation of the substances present at either end 

of the react-nn, the more completelv will the reactinn run toward*: that siiic at which 
the cFieinical energy is at a minimiuii, and the greater will be the velocity of 
reaction. 

In all reactions which are induced or accderated by enzymes, the change in 
chemical energy is small, and it is ibr this reason that all such enzymic changes as 
digestion of proteids and hydrolyns of fats, starches, and sugars run ^th measurable 

velocities, and arc, under certain conditions, reversible. 

The function of the enzyme in accelerating such reactions or starting them 
when in complete abeyance, consists in increasing, in some manner, the difference 
in chemical potential in the solution. 

It is only by an alteration in the difference in chemical potential that a reaction 
proceeding, with given concentration at a given temperature, can be altered in veloci^ ; 
and in certain cases, even where the reaction when once started is markedly exo-thermic, 
the difference in chemical potential rmi'^t be increased Ivto- e tin- reaction starts. 

The need tor such ;in tiureasc in the Llit^crcucc of the chemical potential is still 
more obvious when the amount of energy set tree in the reaction is small, as in all 
cases of enzymic action. 

Hence, in a great many cases, the action remains stationary until the enzyme 
is added. 

Also different enzymes cause varying amounts of alteration in chemical 
potential, and hence the reaction <;tops at tliffercnt stages with different enzymes. 

Thus in the hydrolysis of starch to glucose, one enzyme stops at the stage of 
maltose, while another is capable of causing a sufficient amount of change of chemical 
potential to carry the hydrolysis on into glucose. 

The above view of catalysis as a change due to alteration in chemical potential 
in a chemically reacting system, differs in certain respects from that enunciated by 
OsTWALO,' and now ustiallv accepted. 

According to Osi wai.d, the action of a cualyscr is merely that of accelerating 
(or retarding) a reaction which is already proceeding, it may be at an immeasurably 
slow rate, the catalyser itself not being altered in the reaction or adding eneigy to it, 
so that the point of equilibrium cannot be altered by the presence of the catalyser. 

In other words^ a catalyser merely acts upon the velocity of reaction, but 
catinot alter tlie cikI result or start a reaction which wrnild nor occur, provided a 
sufficiently Ioiil; t:nu interval were allowed to elapse, without its ]>rcsencc. 

The view stated in this paper, however, is that a catalyser or enzyme may 
not only alter the velocity of a reaction, but may start a reaction which would not 
proceed at all in its absence, and may further alter the point of equilibrium of the 
reaction. 

i< iUir KMu(fn» y*nr4g pMwi 4tr 7j HMM^tnthmnrummlmig wn Hmm^rg, igoi. L«)f«i|i ^ Hiricl, 1902. 

H 
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It may 6rvt be pointed out that the supposed thermodynftmic proof that the 

point of equilibrium of a reacdon cannot be disturbed by a body which is not itself 
attcrcJ in the reaction is erroneous, "^incc the proof given excludes without adequate 
grounds the view that the catalyscr, when present, may alter, without itsclt bcin^ 
permanently changed, the distribution ot energy between the other constituents by 
altering the equiUbriiuii of potentials of the diermal volume (osmotic) and chemical 
potentials of the system. 

The thermodynamic proof above-mentioned consists in instituting a ^cle in 
which, supposing that the point of cqutlihrium is not the same in the presence nnd in 
the absence of the cafnlyser, the substance with the higher amount at ciiemicai 
energy is tormcd in the presence of the enzyme ; the enzyme is then supposed to be 
removed, and the excess of su1»tance with higher chemical energy ; and then the 
enzyme may be once again employed for forming a fiesh quantity of substance of 
higher chemical eneigy from the syhS^^ cf^^^^ chemical energy. In this manner, 
chemical enercry may be pcrpctvii^I^formed wi^Out^penditure of energy, since the 
enzyme is not ch:inged in the rnKej^*' i 

The fallacy of the reaW^hmg lies in the ta^t that the energy employed in the 
formation of chemical aiergy\i|^ ff^^ lOther forms of energy present in die 
solution, such, as volume or osmSlfi aiei^, by a redistribution of potentials due 
to the presence of the catalyser in the solution, and that immediately on removal of 
the catalyscr in the second stage of the imaginary cycle, the system will revert to its 
old position by an inverse distribution of potentials, so that the "uHstance formed in 
the presence of the catalyser is reconvcrtcvl back in the absence of the catalyser into 
the substance fxx>m which it was formed, accompanied by an inverse flow of enet<gy. 
There is hence no theoretical basis for the view that the equilibrium point must be 
the same in a chemical system in the presence and in the absence of a catalyser. 
That an enzyme cannot start a reaction which will not proceed in its absence is merely 
a particular case of the above, nnd hence similar reasonintr may Ix; applied to it. 

Under ordinary conditions, the synthesis ot a substance of higher chemical 
energy from one of lower chemical energy can only occur, either when the difference 
in energy is small and can be taken from the volume energy (osmotic energy) of 
the solution, e^.^ as in the ^nthcsis of maltose from dextrose in concentrated solution ; 
or when the catatysier is supplied with some form of energy extraneous to the system ; 
as ill the synthesis nf organic plant siihstancc by chlorophvH containing cells from 
solnr energy, or by tat-lorming cells by the use of a degradation ot the chemical energy 
ol a pari of the system. For a higher form of energy such as chemical energy cannot 
be formed from heat energy at the same temperature. Hence usually, the work of 
a catalyser consists in starting, or in accelerating, a reaction which runs exo-thermically 
with ilegradation of chemical energy and evolution of heat. 

Experimental results also support the view thatcatalysers are capable of starting 
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chemical reactions as well as accelerating them, and further, that the extent of action 
depends upon the ^wwer of the catalyser. 

Thus a sterile solution of starch remains indefinitely unchanged in measurable 
degree, but in presence of ptyalin or rndtase is rapidly convertoi into deictrin and 
maltose, where the hydrolysing action ceates. On the other hand, dilute add or 
invertin Cttriei the procos on a further into glucoK. 

Coagulated white of egg remains for days and weeks unchanged in presence 
of 0-2 per cent, of hydrochloric acid, or in 0*5 per cent, of sodic carbonate, but if 
pepsin or trypsin be added to these fluids respectively, it is dissolved completely in a 
tew hours, and the extent and nature of the change varies with the particular enzyme 
added. Casein solution undefgoes no alow spontaneous coagulation in the absence of 
its appropriate ferment, but coagulates in a lew minutes when it is present. All these 
facts, and many similar ones, argue strongly for the view that an enzyme not merely 
alter*; the velocity of the reaction, Init also that it is responsible for its inceptioni and 
determines its amount and character. 



SUMMAKY 

1. Absorbed fat is rc synthesized to neutral fiit in the intestinal mucous 
membrane, as showfi by the large percentage of neutral tat in ethereal extracts ot the 
mucous membrane taken during fat alisorptioii, auJ by the fact that a// the hit in 
the lymph of the mesenteric iacteak during fat absorption, before the abdominal 
lymphatic glands are reached, is neutral fat. 

2. The detached cells of the pancreas, mucous membrane of intestine, and 
mesenteric Ivni[ihatic glands have a powerful action in setting fatty acid free t'rom soap, 
and a similar action is obtained with cell-free extracts of sucii tissues; but «i ssnlbi'iis 
af neutral fat has been obtatned by the action of such cells or extracts upon soluftons 
waaining soap and glyctriiu* 

3. A comparison of results i and 2 leads to the oondusion that the living 
cell is capable of inducing syntheses which are not brought about by enzymes, and has 
led to a discussion of the relative properties of enzymes and cells in which the 
following conclusions are drawn :— 

{a) The type of reaction is much more complex in the case of the hvuig cell 
than that of the enzyme. 

(^) The living cell can perform endo-thermic syntheses by causing, at the 
sune ttmei, oxidation and reduction processes in one and the same chemical substance. 

{e) Such forms of energy-transformation as occur in the cell are peculiar in 
type, and are hi st cxplatru d on the a'^sumption that a form of encigy, termed in this 
paper biolic energy, is developed by the living cell. 
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((/) An en/ynif probably produces its effect by causing alterations in chemical 
potential, and as a result can not only vary the velocity ot a reaction, but can aJso 
Start it or leave it at rest «t vaiioiis stages ; and, provided the amount of energy 
transference from osmotic to chemical energy is not greati nay cause a considerable 
amount of ^nthesis and a variable point of equilibrium. 



ft 
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OBSERVAilONS ON THE PHYSIOLOGY OF THE 
CEREBRAL CORTEX OF THE ANTHROPOID 

APES 

Bv A. S. F. GRONBAUM, M.D., F RCP. 

AND 

C, S, SHERRINGTON, M.A., M.D., F.R.S. 

{JRtfnMiJ/rtmikt JVw. it*^ Sk^ nL LXXIJ 

SINCE presenting our former note on this subject, we have obtained some fbrthcr 
observations, though the number is sti]I less than we should wish, owing to the 
rarity and expense of the material. Our further observations have been upon 
five chimpanzees of the commoner variety, and upon one more orang. 

The statements given in our former cnmmunicntion have been confirmed in 
all respects by our observations obtained since then. We can, further, now make the 
following statements m addition : — 

The whole of the surface of the * island of Reil* has proved *iMXcitable* under 
faradization, with currents even considerably more intense than tfaoae sufficing to exdte 
muscular movements when applied to the precentral convolution. This is noteworthy, 
because the large extent of the insuia is a character distinguishing the brain of the 
anthropoid apes from that of the lower apes, and bringing it nearer toward the human 
type. 

Faradization of the cortex of the inferior frontal convolution in either 
hemisphere has failed in our hands so far to elicit movements of any satisfactory 

degree of regularity or constancy ; ami this even under use of currents much Stronger 
than those which suffice when a[i[ilit.\l to tlie ' niotm- ' cortex proper. The mov^ 
metits fur which, in jKirticular, circful search was made, were those connected with 
vocalization. From the posterior region of the convolution, at scattered points, and 
without constancy even at them, strong faradization occasionally seemed to induce 
movements in the larynx, distinguishable from the rhythmic of respiratory origin. , 
Judging from such evidence as wc altogether obtained, we conclude that cither {i) 
no Broca ' speech centre,* at all distinctly foreshadowing the human, exists in these 
anthropoid brains, or (3) that direct faraiii/.ation of the Broca speech cortex is 
inctricient itself to evoke vocalization. I hese two inferences, are, ot course, not 
mutually exclusive, and both the suppositions may be correct. 
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Repeated observations on excitation of the cortex of the preccntral convolution, 
confirm an opinion wc had formed at the time of our former comnmnicarion, and 
indicated in the diagram then furniBhed, but that we did not verbally express. Thi« 
is to the effect that the anterior limit of the * motor * field is not of sharp, abrupt 
character, but fades off forward somewhat gradually. This edge extends further 
forward under ' Bahnun^.' Under general conditions producing lowered excitabiJi^ 
of the cortex it retires harkw.ird in the direction of the central fissure. 

In a similar manner the boundary- of the area for any particular movement 
may by ^Babnung* be extended beyond its aven^ limit. The special form of movc' 
ment provoked fi-om a given spot of cortex is thus influenced by the particular forms 
of movement excited from neighbouring points just antecedently. 

Among movements elicited from the cortex of the * facial ' region, we have in 
two instances seen protrusion of the tongue, Micccctlcil by forcible closure of the jaws 
following rapidly before retraction had withilr.uvn the tongue behind the arcades of 
the teeth ; so that in these instances the tongue was caught by the closure of the 
teeth. This sequence of nwvements presents interest, as evidencing that a sequence 
of movements evoked by excitation of the cortex may exhibit in some respects fiiulty 
co-ordination. The movement is also of ituerest as a result of direct cortical 
excitation, which hirmonizes with the bitiiiLT ot the tnn<,nic in cpilfntic seizures. 

Ablation of the facinl area of tiie ' rnoior region was jxTtornicd in one 
individual. A crossed lu-miparcsis ensued in the lips, cheek, tongue, nasal fold, 
and lower eyelid (very flight), but not in the upper lid, eyebrow, or frontal 
region. 

As to the recovery of movement that occurs in a limb rendered paretic by 
ablation of its ccMtiv.il area in tht- ' motor' rec;ion, we trdd the fiillowintr points: If 
all the ;trrn, which when faradized evokes niuvcmcnts ol lingers, thumb, and wrist 
primarily, and not us a later sequel to movements starting elsewhere, be excised, the 
paretic condition of the hand which ensues is severe, but ra))idly dimtniahes. In a 
few weeks the Hand is again very fairly and freely used. If, then, the whole of the 
corresponding area in the opposite hemisphere is removed, a similar paresis similarly 
ensues in the <)thei liand, and runs .1 similar course ; but this second lesion does w^r 
produce, so far as \vc ha\ e been alilc to tiiscovcr, thr slightest recnulescencc of tiie 
paresis already recovered Irom in the first hand. On tiie contrary, the first hand is 
almost at once employed more freely and successfully than prior to the second 
operation, presumably because of greater inducement to use it during the disaUlity 
existing in the second hand. If, then, later, after the second band has regained its 
use, the remaining part of the arm nrra first operart>.| upon be ablated, this causes no 
obvious recrudescence of paresis either in the tir^t Ivaiui nr in the second hand. It 
causes severe paresis at shoulder, and to some extent at elbow, on the side crossed to the 
leson, but this, again, is in great part of temporary character, and is largely recovered 
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from. In accoid with the abaence of recrudcMence of the hand parem on ablating 
in the third operation the remaining intact part of the arm area, we found that 

^raciization of that part (clbtnv and shoulder) provoked, as usual, movements of 
elbow and shoulder, but tun ot hand itsclt, or only of hand late in a general arm 
movcnicnl, and that very rarely. In short, neither the ablation or excitation methods 
gave any evidence that the remaining part of the arm area had taken on the functions 
of the ablated hand area. The recovery of Ae hand movement aeems, therefore, 
not due to dther the adjacent cortex of the same hemisphere, or the corresponding 
hand area of the cortex of the opposite hemisphere, taking on the fimctions of the 
ablated cortical hand area. 




DESCRIPTION OF FIGURE 

Brjin of a chimpanzee (Tngioitita nij^fi'). Left hciiiisphcrc ; medial surfate. The extent of the 

* motor ' arci on the free surface of the hcniisplicrc Is indiciteJ by the hljck stippling. On the stippltj 
aKil,*LEGi* indicates that movements of the lower linil) arc ilirettly represented in all the rcj^ions of llic 

* motor ' atet visible from this aspect. Such mwtaal overlapping pf the minuter sub-divisions exists in 
this area, that the diagram does not attempt to exhibit them. The pointing line from ' Anus, etc.' 
indlcaics broadly the ^Mjsition of the area whence perineal mo\ements arc primarily elKitablc. 

Suk. Ctntrai. central fissure. SiJt. caLarm. ™ calcarinc fissure. Suit, farutt accip. — Parieto- 
occSpiul finare. f4Uu» marg. ^ Calloso-mafginal fissure. Suk. fmntr. aurg. « Precentnl raaij^iiial 
fissure. 

Tnc iinglc italic Iciiers mark >j-ot» x\ hence, o<;ia»ionally and irrcgularlj', iiioiciiieiU» of the lo,»t 
and leg (/,'), of the shoulder and chest (;), and of the thumb ami finders {h) have been evoked by strong 
faradization. Similarly the shaded area marked * EYES ' indicates a field of free surface of cartes, which 
under findimioii yiddt cunjugne movemetKS of the eyeballs. The conditions of obtainmcnt of these 
reiciioiis separates them from those chancieriting the ' motor * area. 
I 
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Fanutization of the cortex of the post'^entnl convolutioii) though not itself 
elidtiiig movement^ when emplojred at oertaiit fdacea, fadlitates the elicitatiofi of move- 
ment by faradization at certain points at about the same horizontal level in the pre- 

centra! convolution. In other words, from certain parts of the post-ct-iitnil convolution, 
a facilitating inliucncc {hahnuttg) can be exerted upon somewhat adjacent parts of the 
pre-central convolution. 

Removal of the adjacent levels of the pre<entral convolution does not render 
the post-central convolution * excitable ' ; that is to say, destruction of the pre-ccntral 
convolution does not make it the more possible to obtMn movements under iaiadita- 
tion from the post-central convolution. 

The motor cortex of the infant chimpan/.ec, a few weeks old, is readily excit- 
able by faradization. Its reactions do not appear to ditFer obviously in this respect 
^m those obtainable fiom the adult. The movements it yields are not choreifenn 
in character. 

The spinal degeneration ensuing upon aUation <rf the arm area of the motor 

cortex of the chimpanzee, although it sometimes reveals a large uncrossed ventral 
pyramidal tract (direct Py. Tr.), docs not do so in every case. F.ven after bilateral 
arm area lesions, the ventral pvramidal degeneration in the spinal cord may be ver)' 
slight. The anthropoid cord resembles the human, therefore, not only in the posses- 
sion of this tnct, but in exhibiting in regard to it a remarkable d^ree of individual 
variation of devdopment, as FtBCHSic showed to be the case in man. 

The expenses of this research have been in part detrayed by a grant kindly 
allowed by the Scientific Cirants' Committee of the British Medical Association. 
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THE ELECTRIC CONDUCTIVITY OF 
MAMMALIAN NERVE 

By R. S. WOODWORTH, Ph.D. 

UWUn OIMONSTKATOII OW MIYtlOlOOY, AKD rOIMIILT O. W. CAHttTT HLLOW IS TH» VWIVSMITT or I.lT««roaL 

IN continuation of the work of Macdonald' on the physicril [miperties of nerve, 
a series of measurements has been performed to determine the electric 
coiiduct-.vity of the sciatic and ulnar nerves ot the cat, and the influence on the 
conductivity and on the weight of a five minutes' immersion in saline solutions of 
difletcnt strengths. It will be recalled that Macdonald found the injury current to 
be increased or decreased in a verjr definite way by immersion ' (or five minutes in 
solutions of diffisrent concentrations. The sttength of the injury current obeyed so 
definite a 'concentration law" as to warrant the conclusion that this current was 
produced by the nerve acting as a concentration eel! ; the itiore concentrated solution 
being in the interior of the nerve, that is to say, in the axis cylinder, and being 
separated from the less concentrated solution or lymph by the partially imper- 
meable membranes surrounding the axis cylinder. In die hope that measurements 
of the conductivity of nerve as affected by immersion in saline solutions would 
further test this conception, tfie present series of measurements was undertaken. 
The author is indebted to Macdonald for the suggestion «t the problem and of 
methods as well as for the loan of apparatus. The latter, and also the procedure, 
were in the main the same as deaoibed hy MxcfilbKALD. 

The sciatic and ulnar nerves were cut from a cat immediately after death, 
and kept in a moist chamber til! each was used. Each nerve was cut to a 
length of about 5 cm., its length, resistance, and weight were measured ; it was 
then immersed tor five minutes in a solution of potassium chloride ot known 
strength, after which its length, resistance, and weight were again measured. 
From these data the specific conductivity, or conductivity per cubic cendmeter, 
before and after immersion, were calculated. 

The moist chamber in which the nerve was placed during the measure- 
ment of resistance, and also the solution in which it was immersed, were main- 
tained as nearly as possible at i C, and correction was made (or the slight 
deviations from this temperature. 



I. Ttrnfum TMtt IsttrtMriti Xiftti, 1902, IV, fut II, ff. sij-]47. 
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Aside from minor series of experimenti not here reported, one hundred 
and thirt-y-fivc sciatic and fifty-five ulnar nerves were immersed and measured. 
Each of the eleven strengths of solution was tried on at least ten sciatic nenes; 
and four ulnar nerves. The number of cases and the uniformity of results are 
sufficient to guarantee the average determtnations fiwm large chance errors. 

The lengthwise resbtance of the sciatic nerve <tf the cat, when examined 
a few minutes after death, at i8°C., was found to average 200*7 ohms per 
cubic centimeter. The specific resistance of the ulnar nerve was somcwhnt 
smaller, i86"0 ohms on the average. Otherwise expressed, the specific conductivity 
of the sciatic nerve is 0*0050 mhos, and that of the ulnar nerve 0"0O54 mhos. 
The substance of the ulnar nerve is thus a better conductor by about eight per 
cent, than the substance of the sciatic. This is not a chance result, but is almost 
invariable for every cat used, though a few excepuons occur in which the sciatic 
has as high conductivity as the ulnar. 

The specific conductivity (lengthwise) of the posterior spinal rnnH is con- 
siderably less than that of the sciatic nerve, being alx>ut O'OOJ mhos, and that 
of the cord is somewhat less still. GOthlin' has found the specific conductivity 
of the corpus callosum to be much less than that of a peripheral nerve^ and 
supposed the diflference to be dtie to the presence, in the sheath of the peripheral 
nerve, of well-conducting lymph spaces. If this were so, then freeing the peri- 
pheral nerve fibres of part of their envet^pes and lymph spaces would increase the 
longitudinal specific ref^istance of the nerve. It is easv, in case ot the sciatic, to 
puli out without violence one of the large strands of which the trunk is composed. 
I have done this with deven nerves, and find the specific conductivity to be 
iHcreaudj not diminished. The specific conductiwty of the strand is about one- 
eighth greater than that of the whole nerve. Now since the strand contains a 
larger proportion of nerve-substance proper than the whole trunk, the hicfher 
conductivity of the strand proves that ncrvc-substancc proper is more tonilucrivc 
than the connective tissue envelopes with their lymph spaces. Moreover, in 
* nerve-substance proper * is contained the non-conductive medullary sheath, as 
well as the axis cylinder, each occupying about half of the cros»4ecdon. The 
specific conductivity of the axis cylinder must, therefore, be more than twice as 
high as that of the outer envelopes with their lymph spaces. This result gt>es 
to substantiate Macdonai.d's view that the interinr of the nerve-fibre contains 
more conductive, and therefore more concentrated, sululjon oi electrolytes than 
the lymph bathing the outside of the fibres. 

The high resistance of the posterior roots, and of the cord, is probably 
to be exphined by the lack of parallelism of the fibres. It is known' that the 

I. C. F. Guihlin. VpiaU L.tkMtfmwmp tirttmtiiil^t 190a, VIII, IJ^ iS]. 
a. 0««hlin, if. ai^ p. 165. 

]. T<Kt> Ardihi.Jir {AmM. a.) IVfiW. tiff, f. ]I9 1 CatUio, a/. <m, 16]. 
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renstance across the fibres is much greater than along them, and any^ structure 
other than a peripheral nerve, not having parallel fibres, would on that account 
liave n relatively high longitudinal resistance. The ulnar nerve has a relatively 
small amnunt of connective tissue envelope and lymph space, and its higher 
conductivity may be due to this fact. 

A few determinations of the specific gravity of a nerve, by use of glycerine 
s:>lutions of different dendties, have given the values 1*030 (or the sciatic, 1*042 for 
the ulnar, and 1*045 ^ separate strand of the sciatic. The values given above for 
specific conductivities should properly be mukiplted by these numbers respectively, as 
the volume and specific cnnductivitv were computed on the basis of a specific gravity 
equal to pooo. The changes in specific gravity produced bv rtvc minutes' immersion 
in distilled water, and in a gramme-molecular solution of KCl, were about 0 005 in 
case of the sciauc nerve, and a little more in case of the ulnar. 

The eflects of immersion on the weight and on the electric conductivity of a 
nerve were found to be exceedingly definite functions of the strength of solution used. 
Wc;ik solutions, while lowering the specific gravity, increase the absolute weight of 
a ncr\ e ; and concentrate! solutions, while raisins; the specific gravity, decrease the 
absolute weight. This means that water diffuses from the weak solutions into the 
interior of the nerve, and from the interior of the nerve into strong solutions. The 
strength of solution that produces no change in the weight of the sciatic nerve is 
about one-eighth of the gramme-molecular solution (the Utter being, fiir KCl, 7*45 
per cent).' 

The rntin of the weight after five minutes' immersion to the weight of the 
fresh nerve is as iollows, in case of each strength of solution : — 
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The specific conductivity of a nerve is increased by immersion in strong 
9oIutions, and decreased bv immersion in weak solutions. The concentration 
necessary in order to cause no change in the conductivity ot the imnuTscd nerve is 

I. Ill of ihc ul:iic nrivc, ihc •(icnt:lh at tuAilnMI iic<c»»iry to t i i>r nn chaiifit: in wtigl i " n i nn wh 'i i, ■ .i;rt, 
accoiHinu to nij* ticlcrminalioni, but th«rc i, hcrr a ttijiht xnircc i>t error, .:i.ic ir [he f;ict that the ulnir :trr^pi wire ^rrt i^n^er 
briorc br.nf immcned. Thi« crrot doc* not ffcimlicr the Tiiu» ter the ipecitic contuctivttjt, lor tiic latter w«> found o<M to 
Ami|c dnriof «*er an bout', in ilw mailt dtMnW. 
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about onc-cighth of the prammr-moleciilar. This strength of KCl, or 0*93 prr cent., 
is thus near to the isotonic solution of nerve, whether judged by weight or by 
conductivity. 

The RtioB of the specific conductivity after immersion to the original 
conductivity are as follows : — 
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Five minutes' stay in distilled water dots not deprive a nerve of all its 
conductivity, but of only about 20 }xrr cent. Now Macdonalij' concluded, from 
the regularity with which the iti'iury current of tierve ohevcd the ' concentratioti law,' 
after five minutes' immersion in any solution, that this length of immersion sufficed 
to replace the lymph of the nerve sheathes by the solution used, without much 
altering the solution present in the aids cylinders. Adopting this conception, I infer 
that five minutes' stay in distilled water practically abolishes the conductivity of the 
external solution, so that the conductivity that remains belongs to the 'internal 
solution ' in the axi<; ry'^'uk-rs. I thus ir.frr thrxt ahout 80 per cent, of the 
normal conductivity of a nerve is turnishcii l)y the internal solution. 

This view is confirmed by the effects of other st^utions on the conductivity. 
For if the interna) solution remains the same after five minutes' immersion in '4iny 
solution of KQ, while the external solution acquires in each case the Concentration 
of the solution used, then the internal conductivity would remain constant throughout 
(s8o [lercent. of the normal conductivity of the whole nerve)» and the external 

I. Of, til,, pp. I93>a9<. 
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conductivity would be proportional to the ccmducttvity of the solution used. The 
whole conductivity of the nerve would be equal to the sum of a constant quantity 

pluf n qiianritv propnrtinnal to the conductivity of the solutimi used. Now if the 
values <^iveii above tor tfie coiuluctivity after immersion (exjircsscd as ratios to the 
conductivity before immersion) are plotted against the conductivities of the solutions, 
the result is as shown in die acoompan) ing tigure. The relation is a sttaight line, or 
very nearly so. Its equation would have the form y " ax •¥ t. The ordinate 
(conductivity of the nerve after immersion) is equal to a constant e (80 per cent, of 
the norma! conductivity of nerve) plus a quantity which is d-rertlv proportional to x, 
the cnnductivitv of the solution. The whole series <>t results is therefore in harmony 
with the view that iio per cent, ot the conductivity ol nerve is provided by the 
internal solution. 
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My measurements afford another means of calculating the relative conductivity 
of the internal and external solutions of a nerve. Before immersion the external 
solution has a conductivity about equal to that of the i/8th gramme-molecular 
solution of KCL After immerwon the external solution has a conductivity equal to 
that of the KCl sdution used ; therefore, the conductivity of the external solution is 
changed in a known ratia The original conductivity of the nerve is equal to die sum 
of the internal and external conductivities, while the conductivity after five minutes' 
immersion is equal to the same internal conductivity plus a known multiple of the 
original external conductivity. We have thus two equations for finding our two un- 
known conductivities — internal and external. Macuonalu' has alrauiy solved such 
equations in a typical case. Part of the object of my work was to see whether the 
values so calcukted would agree in different cases and with diligent strengths of 
solution. 1 found connderable va' iaMHty among the individual nerves, but close 
Agreement between the averages for diiierent strengths of immernng solution. The 
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re»u]t» obttined with gluttons dose to the isotonic could not, however, be used for 
these cxlculationsi because the error introduced by any slight variation in the con- 
centration of the tymph was very great, and even led at times to negative values, here 
meaningless. Ixraving out of account the solutions of i/ioth, i/8th, and 0-15 
gramme-mrilt.cular strength, the average results were follows. The numbers give 
the fraction ot the total conductivity that must be assigned to the internal solution : — 
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This series of calculations agrees w-rh the prccedinjj one in assigning about 
80 per cent, of the total conductivity of ;ktvc to the internal solution. With th:~ 
agrees also the rougher estimate based on the fact that a strand of the sciatic had j 
higher specific «>nducttvity than the whole nerve. All the results are, therefore, in 
favour of Macdomald's view that the internal solution of nerve is deddcdly more 
concentrated than lymph. 
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ON THE DOSAGE OF THE MAMMALIAN HEART 

BY CHLOROFORM 



By C. S. SHERRINGTON, F.R.S., and S. C. M. SOWTON 

TO measure that dosage of chk>n^brm under which the mammalian heart can 
and cannot continue to work efficiently was a problem given us by the Special 
Chloroform Committee of the British Medical Association.* Our preliminary 
Report was presented to the ConmiittcL- on February 26 of this year. The present 
Rtfp6rt must be considered to deal sttU with the first stage of the enquiry. 

Method 

The method we have followed for perfusion of the heart has been that intro> 
duced by Lanokhdorff' ( 1 8 95)* Our observations have dealt almost exclusively with 
the heart of the cat. We have on occanons used also the heart of the dog. In 
either case the heart was removed from the animal freshly killed. 

Into the aorta, close above its origin, a cannula was tied with its delivery end 
close above the sinuses of Valsalva, as practised by Newell Martin and Applegarth* 
'1S90}, nnd Langendorff' (1895). The other end nf rhe cannula was connected 
With a tube leading from a reservoir containing a modihcd Ringer's solution (Fig. i). 
This solution was kept warm in a water bath at 38^ C. It was displaced from the fiask 
contuning it by introducing oxygen throu^ it into the flask under a preasure 
120 mm. Hg. above atmospheric. It had in the heart cannula a pressure of about 
1 10 mm. Hg. The warm salt solution, after passing through the coronary system, 
collected in the right auricle and there dribbled over, keeping the whole heurt nu))st 
and warm. The heart was helii hrmly by two clamps, one fixing the root ot the 
lung, and thus indirectly the base of the heart, the other fixing the apex of the heart 
by the lower end of the left ventricle itself. A thermometer was let into the side of 
the cannula above the aorta. 

The tube leading to the cannula was Y-shaped, and 'while one limb of the 
tube led from the reservoir of modified Ringer's solution, the other led from a 
similar though smaller reservoir, in which the modified KiNGBit's Solution contained 
an accurately-measured quantity of chloroform. Both reservoirs were in the same 
water bath, and the fluid in each was similarly supplied with oxygen and under the 

■ Tht CommiitM contiiM of Dr. Bm, Or. Dniitr Suitlwt, Prat. OnmnM, Mb. A. Vcraon Jiamai^ Vfeiar 
Hmlcjr, Dr. MiCinlii^ Pnf. 9lNira«lM, ani Or. WaUcr (^lirmHO- 
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same pressure. Three 3-way taps in the Y-shaped tube allowed perfect control and 
interchange of the feeding fluids without any intermission of the supply to the heart. 
The capacity of the tubing between the CHQ, solution inlet and the heart was 5 
cub. cent. The pcnnt marked on the graphic records by the CHCl, Mgnal as the 
moment of commencement of admission of CHCl, <;oliir'on to tlic heart is the 
moment at which this i.\p (2, l-'ig. i) \sas tiirncii, adinitt:ii^' the CIICI, solution to 
the delivery tube just above the aorta. The real moment ot admission of the CHCl, 
solution to the heart was therefore a little later than that marked, beginning actually 
after the intervening 5 cub. cent of unchloroformed fluid had passed into the heart. 
The rate of flow of fluid through the hearts employed was usually about i cub. cent, 
per second, the lost time therefore between the turning of the CIICI, tap and the 
real entrance of the CHQ, solution into the heart was therefore usually about five 
seconds. ' ' 




Duftntim tf tffttiUHt. c^iiiKier conuining coolpmned osj'gen. At I o-litieflatk containing 
ntcxlified RiNcrit*! solution ; B, x-1itre flask containing the modified RiNcri*! solution in which a knoHn 

i|u.nitit\ ol I h!( rot' irin i- liis^olvcd ; C, hnttlc prc\ cnt ill); rcfiiix ( f fiuiJ inti) jj.is tjp, etc. ; I), Knilc ron- 
uining same cKiorolurm solution as B ; E, thermometer in the uaccr-luth W ; Y, manometer, showing 
pmsnre of delivery of the solutions given to the aorta of the heart H ; i, a, 3, three j-way taps ; 
4. y cLtmps ; All, .Turicul.ir rcioniing lc\cr; \ t, \ cntrii iil.ir rcioniing 'ever; X, diffuse pole ot the 
unipolar iaraUization apparatus applied lo (he clamped ti!i^uc ut the root of the lung ; G, standard support- 
ing ibc damps which fix the isolated heart. The CHCU signal records the moment of opening or closing 
si tap a. 

The contractions of the heart were recorded by attaching Hght writing levers 
to the auricle and ventricle, respectively. The threads were fixed to the heart by 
minute hooks made from the thin pins use d by entomologists for pinning out small 

insects. The threails were in part ot" their length made of very narrow strips of 
thinnest gutta-percha sheet. This was found especially necess.iry for the auricular 
writing lever, the movement of contraction of the auricle being so quick as to other- 
wise lead to mudi deformation of the trace by the inertia of the lever. - The levers 
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c n ployed were straw, and were armed with writing points in the following way : A 
piece of capillary glass tubing was bent go* at three places, and one arm of it inserted 
into the cylinder of the straw so as to lie as if in a tongish groove along it. A little 

piece of very fine wire was attached to the lower free-hanging end of the pen, and 
could be bent with tweezer^;, sn that, hy nltcrinfj the centre of gravity, the tip of the 
pen could he made to press in anv .ic^^irci] iU^itl upon the blackened travrlling paper. 

t^Iectrodes upon a ball and socket joint were arranged so as to Ix: applicable 
to the cardiac nerves. Arrangement was also made to fiiradize the heart wall. A 
diAFuse electrode was fixed as a plate against the moist extra cardiac tissue above ^e 
hase of the heart in the upper clamp ; the condensed pole was formed by a minute 
Iiook inserted into the ventricle in its upper third ; a very thin wire brought this 
hook into the circuit. In both cases the electrodes were fed by an inductorium 
served by a Damell cell ; the moment of apnliration nf the faradizing current was 
indicated on the graphic record autonuticaily by an eicctro-magnctic signal. Tim^ 
either in second or in five-second intervals, was likewise automatically recorded. 

The fluid flowing from the heart was collected and measured when desired. 

The solution we employed throughout was the modification of Rihckr*s 
solution devised by Dr. Locke.* We should probably never have attempted to 
work upon the isolated mammalian heart had we not witnessed, at the International 
Congress of Physiologists at Turin, two vears npo, Dr. Locke's admirably successful 
tienuKistratioii of the effect ot gliK nsc upofi the ventricular bent of the isolated nibhit 
heart. We therefore adopted his inodifii-aCuin of Ringer's salt solution with some 
confidence that it might succeed in keeping active the heart of the cat, isolated under 
appropriate conditions. The cat is with us a much cheaper object of study than the 
rabbit, hence, sinoe .we desired a considerable number of observations, we preferred to 
employ it. The modified Ringf.k's solution has, in fkct, fully answered our 
expectations. We have not ad.icd glucose to it, preferring for our initial observations 
t^ use the simplest solution jxjssible. It, without the glucose, suffices to support, if 
»,luly oxygenated, the activity of the cat's heart for the greater part of a working 
laboratory day. We refer to the solution as * muUiHcd Kinger's ' in the present 
Report, because by < Locke's solution * might be understood a gluc<Me containing 
safine solution ; but, as a fiut, it is Dr. Locke's solution that we have invariably used, 
omitting only from it the i:luLose. LoCKE*S modified RtN0ER*s solution has the 
tollowing composition' N iCl, 0 9 jier cent. ; CaCI,, 0*C24 per cent. ; KCl, 0*042 
percent.; NaHCO,, coi per cent, in distilled water. 

The amounts ot thlon)torm that were measured in prejxiring the dilute 
solutions were sometimes small. In the earlier experiments, these, as well as the 
larger doses, were measured by volume at the room temperature i4''-i6** cent%rade. 
For these measurements we employed a burette divided into hundredths of a cub. 
centimetre^ provided with a stop-cock, and armed for ddivery with the capillary 
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needle of a hypoilermic injection syringe. In the later experiments the quantities of 
chloroform have been measured bjr weight. The transference of the chtorofurm 
soluttons from vessel to vessel under agitation in air we have endeavoured, as 

much as fwssiblc, to avoid. Also any unnecessary exposure of the vapour to india- 
rubber. The tubine leadinjr from B (Fig. i) to the- t.ip ; (f'ig- 0 was composed, as 
far as possible, of glass ; the cork of flask B was, however, of india-rubber. i he 
oxygen gas introduced into fwisk B for expelling its fluid was in the later experiment- 
led on its way to B through a hyer of chloroform solution (in D, fig. i ) of the same 
dilution as that to be expelled from the reservoir B (Fig. i). In these ways we tried 
to niinimize the loss of chloroform that must to some extent occur from our prepared 
solution of it between its preparation and its actual entrance into the coronary vessels 
of the heart. 

In regard to the quantities of fluid perfused, these have in our experiments 
been large but variable. The pressure of the fluid as supplied in our experiments 
has varied little from experiment to experiment, and in each individual experiment 
hardly at all ; the pressures have throughout the series of experiments ranged from 
90 mm. Hg., in some earlier, to 1 to mm. Hg. in some of the earlier and in all the 
later experiments. It is possible that in some cases a portion of the fluid supplicsl 
h;i=; pn'^sed through incompetently acting aortic valve-flaps. The head of pressure 
being what it was, this, however, can have had no influence upon the coronary 
supply, except to make the readings of the quantities perfused through the coronary 
system larger than the real quantities perfused. The effect of this possibility upo:i 
the readings of the dosage as expressed — as we maintain it should not be expressed — 
by the mass of CHCI, administetcd to the heart in a given time, is to make our 
readings pos^bly higher than the quantities rq^Uy administered to the cardiac muscle. 

LITERATURE 

The literature concerning the effect of chloroform on the heart is very large. 
We propose to reserve dealing with it until the occanon of our fuller report. 

The perfusion ol the isolated heart with fluivl* containing ihloroform li.is hccr» fre<jiicntl.v 
practised on (he isolated (to^'n hurt. Un the tn.imnulian licart so perl'u&cd there iit an iiiolatcd anu 
incidental obaervation by HcdboiH in this paper on lh« Ktion of drugs or the nummsIUn heart. 
But in his single obsenaiiun the thloroforin added to blood .ilicady containing chloral, .iiul 

administered to a heart previously do^td with cofl'cin ; moreover, the dilution of the ihlorolorm is not 
mentioned. At the time of our tirst t ommunication to the Committee no other record than the above- 
mentioned hy Hbdioh bad appeared. Since then, however, a preliminarjr coraraunialion *On the 
action of chlorolorm, crFicr, ril.i^lii t. and acetone upon the excised manimaliaii heart'' hai been made 
by frofeasor TuNNicuuFt and Dr. Koskkhiim to the Physiological Society. 

RESULTS 

The action of CHCl, on the heart, as studied in our experiments, may be 
described briefly separately for each degree of its dilution that we have employed. 
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I. 1,500 MCRMS. CHQ, PBR LlTRB OF MoDtFIED RiNCES's SoLUTlOK 

(CffCIj w '15 per cm. tttlu^n) 

This solution administCFed for thirty seconds abolished, in less than twenty 
seconds, the licat both of auricle and ventricle. But, on re^dacing the chloroform solution 
by pure silitic, the beat was subset^uently completely recovered in both, in auricle 
^!'^hr!v earlier th;in in ventricle. The ventricle rrcnmmenceil beating abmtt seventy- 
eight seconds alter the CHCl, mixture had been dihi-ontinucd ; its recovery was abrupt in 
the sense that its very first beat was of considerable extent and power. The recovery 
of the auricular beat began more gradually. 

Permanent abolition of the beat of the ventricle resulted from perfusion of 
tKis solution for nxty seconds; fibrillar contractions of the ventricle were all that 
subsequently were obtainable. But the auricle recommenced beating regularly 
seventy-five seconds atter the end of the one minute's CHQ, perfusion, and was. of 
normal extent and vigour 1 .5 secuiuis later. 

Tijc resistance of the auricie-musclc to CHCl, in these high percentages 
appears much greater than is that of the ventricular. Perfusion with this *ooi solution 
fer even sixty seconds, although completely and permanently annulling the ventricular 
beat, make* no permanent impression upon that of the auricle. The auricle began to 
show recovery about seventy-five seconds after cessation of the administrations of this 
CllCi, s'>kitinn, whether the solution had been perfusing it for one, two, three, or 
five minutes, respectively. 

II. 750 MGRMS. CHCl, PKR Litre Modified Kinger's Solution 
(CHC/f iff '075 per ceM, dUutkh) 

This strength of solution almost immediately (in less than thirty seconds) 

extinguished the beat of both auricle and ventricle. As t<> subsequent recovery, in 
one heart both auricle and ventricle recovered completely subsequent to a continuous 
administration of the solution for five minutes ; but the ventricle of the same heart 
completely succumht\l lu contuuious administration of the solution for nine minutes, 
only fibrillar twitchings appearing in it subsecpiently. In another heart, admifiistra- 
tion - of the same strengdi of solution for 305 seconds (Kig. 2) permanently 
destroyed the ventricular beat. In a third heart, the same strength of solution 
Slopped the venti icular beat irrecoverably by one minute*s perfusion, fibrillar twitchings 
being all that could be subsequently obtained. 

In all these three hearts the auricle showed itself much more able to recover 
trom CHCl, than did the ventricle. Even after nine niuiutes' pcrtusion with tiic 
solution the auricle rctcjvcred, although, to do so, it requires an interval of more 
than fifteen minutes* perfusion with the <HC)^ent£d Ringer's solution. 

With shorter periods of administration of the CHCl, solution, the auricle had 

nsnally been beating for fif^ seconds to sixty seconds before the ventricle recommenced, 
t 
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The return of beat of the ventricle was usually abrupt, suddenly bursting out in 
almost its full vigour. The beat of the ventricle was also often arrested five seconds 
to ten seconds earlier than that of the auricle. 

III. 500 MGRMs. CHQ, PBK Litre Mooipieo Rinoer^s Solvtiow 

(CV/C/, iit *03 per tent, diliuim) 
This strength of solution in every case practically extinguished the beat both 
of auricle and \ cntriclc in th'rtv seconds from commencement of its aifmini^tririon r 1 
the heart. But complete recovery both of ventricle nmi auricle was obtaiiic.i m c vcrv 
case. The recovery was complete and rapid, even alter continuous exhibition of the 
drag for eighteen minutes. Two types of recovery seemed (fistinguishable. With 
CHCI, solutions of 'oooi, or less, the beat recommences within about fifteen seconds 
from discontinuance of the administration. With the strength of solution now under 
consideration, namely, -oooz CHC!„ in one form of recovery, alwut seventy seconds 
elapse before any sign of beat, and full recovery is not reached until from three 
minutes to frmr mitiute^hnve elapsed, and there is merciv n gradual return to, and not 
beyond, the torcc and excursion obtaining prior to the exhibition of the CHCI, solution. 
A second tyjie of recovery is characterized by much speedier return to a strength of beat 
in excess of that originally obtaining. In this t \ pe the returning beat becomes obvious 
fifteen seconds to twenty seconds after cessation of the administration of the CHClp 
and fifteen seconds to twenty second s later the heart beats far mf )rc vigorously than before 
the chloroformization, showing periods of distinct acceleration as well as augmentati«Mi 
of beat. Some cxciratirtn of the •.Hiixmeiunr-acceltrator nerves of the heart is sii^Testevi. 
I'liose nerves, as is siiown Liter in this rc{>t)rt, are not paralysed by lon^ lUniMe 
depths of CMC!, action. This type of recovery seems to occur especially frecjuently 
after prolonged administration of CHCI,. 

IV. 1 50 MGRMS. CHCi, PER Litre Modified Ringer's SoLtiioN 
(CflC/f in -015 per cent, dihtthn) 

With this strength of solution the amount of reduction of the activity of the 
auricle, as measured by reduction of the excursion of its recortling lever, varied fVow 
83 per cent, (reduction) to complete abolition (temporary). The mean reduction of 
the auricle beat was <i'if) percent, for twenty -one observations nn six hearts. 

The mean reduction of the ventricle beat as similarly measured for the same 
six hearts was 97 6 jK'r cent. 

The full efSect of the CHO, solution was evident in about eighty seconds. 
Recovery was rapid and complete, both in auricle and in ventricle, in all cases. The 
beat began to improve within fifteen seconds of discontinuance of CHCI, perfusioiif 
and recover) was complete about seventy-five seconds later. This held good even 
after pro!<ingrd pt rfiision, in one instance for more than ten minutes, in another for 
twenty minutes, contuiuous duration. (I'ig* i>) 
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The frequency and regularity of the beat was usually quite unaffected both in 
uuricle and ventricle, even when the beat was reduced nearly to extinction. 

V. 75 MoRMs. CH£1| PkR Litri Modified Ringsr's Solution 

(Fig. 6) 

Uniler perfusion with this solution the amount of weakening of the auricle's 
brat varied in different o!iserv.itions between 6+ per cent, reduction and practical 
abolition (temjxjniry) ; the mean rrducti im i;i the cases oh<;erved was 79 percent. 

The mean reduction of the ventricle s beat was 80'7 per cent. 

The solution usualljr took about fifty seconds to produce its full eflect. 
Recovery was both in auricle and ventricle in all cases rapid and complete, even after 
prolonged perfusion with the solution, in one instance for twenQr-two minutes 
forty iteconds, during which time i,8oo cub, cent, of the CHCI, solution liad 
flowed continuously through the coronary circulation. In this very instance both 
auricle and ventricle were beatit-.g t'ul!\ normally within eighty seconds from the 
moment of discontinuance ot the CHCi, solution. 

The frequency of the rhythm of the beat remained quite unaltered by the 
CHCI, administration. 

VI. 50 MGRMs. CHCI, f'v.-n. I.tTRE Modified Ringer's Solution 

{C/JC/, in 005 per cent, diiuthn) 
(I' igs. 7 and <S) 

Under this strength of CHCI, solution {he weakenuig of the beat of the 
auricle varied from JO per cent, reduction at outset of observations on Heart zo 
to 89 per cent, reduction in the later observations made on Heart 21. The 
average reductions in Hearts 5, 6, and 21 were 71*1 per cent., 75 per cenL and 
74 per cent,, respectively, but in Heart 20 it was only •^o per cent. In the other 
hearts administration of the solution for forty seconds sufiiceii to cause a weakening 
of 50 per cent. The recovery of the auricle was always rapiLl and complete. 

Ihe weakening of the \'e:itric!e was in every case greater than that of 
the auricle, ranging trom reiiuction of the amplitude ot ueat by 39 per cent, 
at outset of experiments on Heart 3o to extinction of the beat (temporarily) in Heart 5. 
In this latter heart, perfusion with the CHCI, solution for forty seconds sufficed to 
abolish (temporarily) the beat of the ventricle. But the ventricular beat neverthe- 
lests returned rapidly and completely after perfusion continued five times as long as 
that. Three-minute closes of this solution caused pro^^ressively rather more and 
more severe effects, as repeated, while the expeimenr proceeded. 

The frequency ot beat during the administration w:'s never seen to alter 
from the rate obtaining when the chloroformization commenced. 
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VII. 38 MORMS. CHQ, PER Litre Modified Ringer's Solution 

{CHClf in '0038 per cent. dUuU^n) 

Under pcrfusidn of this strength of CHCl, solution through the coronary 
system the beat of the auricle suffered a reduction varying from 30 per cent, to 
75 per cent, in five observations. The mean vnlue of the reduction was ^j; per 
cvnt. This fstimrttf >lfH'>; not incUuie the obscrvatiotis in Heart 1 q, nn irrc^rularly 
beating licarc, in which the weakening by the solution amounted to certauily more 
than 70 per cent. In none of the hearts used was the auricular heat ever 
extinguished even temporarily by this solution. 

The avenge weakening of the ventricular beat was 96 per cent., and it 
was usually extinguished altogether (temporarily). 

Recovery wa^ irnviriablv rap'.i and complete, both in auricle and ventricle. 
Kven whi-n the [XTtusui:! nt the L"i iCl, was coiitmuouslv maintaim-d tor ten nunutes 
the recovery on its discontinuance was [vrompt and complete. The heart thirty 
secimds after the discontinuance was beating as well as prior to the chlort^brmization. 

When the exhibition of the drug in this strength of solution was prolonged 
it was noticed that the ventricle beat improved somewhat in the latter part of the 
administration ujxjn what it was during the first few minutes of the {perfusion ; for 
instance, it would be visibly beating in the tenth minute, although without viable 
beat in the third minute. 

VIII. 30 MGRMS. CHQ, FSR LiTRB MoOiriED RlNGER*S SOLUTION 

(CHC/f i« *oo3 ffr cent. <HiuH9H) 

Under perfusion of its coronary system, with this strength CHCl, solution, 
the mammalian heart showed a weakening of the auricular beat, as measured by 

amount of reduction of excursion of the recording lever, varying ft nm 45 per cent. 
(Heart 29) to per cent. (Heart 30). In one and the same heart it varied con- 
siderably, thus, from 28 per cent, at outset in Heart 28 to 62 per cent, later during 
the experiment. The reduction oi amplitude of beat in twenty-one observations on 
five hearts avetaged 66*8 per cent. The weakening did not occur so rapidly in the 
auricle as in the ventricle. 

The degree of impairment of the ventricle's beat varied even more than that 
of the auricle, from 15 per cent, to 95 per cent. The mean reduction in 
nineteen observ.itions on the ventricles of four heart>^ was qr-' per cent. The 
amount of reduction did not \ :ir\ so widely in successive obvcr \ .uions nn the same 
individual heart as for observatioii.s on ditilrent iicarts. The beat ot the ventricle 
was in four observations (Heart 8) extinguished (temporarily) by this Strength of 
CHCI, solution. 

The duration of the dose with this solution was varied from fbr^-five 
seconds up to ten minutes. Sometimes weakening of the ventricle beat became 
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obvious in five seconds firom the admission of CHQ, fluid to the heart. The fall 
eficct was always reached in the second minute of admintstrarion, or sooner. The 
heart would not infrequently be beating better at end of the fifth or tenth minute 

than at end of the first minute, <?.f., Heart 28, obsei'vation 5. Kven by end of 
the third mituirc of administration the beat is sometimes distinctly stronger than at 
end of the second minute. 

Recovery was always rapid and complete, beginning a few seconds after 
cessation of the administration and becoming complete in two to four minutes. 

The frequency of rate of beat remained unaffected by the exhibition of the 
CHCl, solution— thus, even when the beat was reduced in excursion by 95 per cent., 
the frequency remained absolutely the same. When, as was twice the case, the heart 
was bcatinij in groups, the phasic groups continued unaltered in period, although 
each numl>er ot the series of contractions was reduced in the same proportion as 
were the other members. (Fig. 1 3). 

IX. 30 MGRMS. CHCl, PER LlTRS MODIFIED RlNCBK*S FlUID 

(C//C/, in -002 per cent, dilution') 
This strength of chloroform solution wc have employed in the instance of one 
heart only. The beat of the auricle was, as a nicarj of six observations, reduced in 
amplitude by 36 per cent. ; that of the ventricle by 33 per cent. The cessation of 
exhibition of the drug, even when it had been perfiised for five minutes continuously, 
was always Ibllowed by rapid and full recovery. The utmost (temporary) reduction 
of the auricle was 48 percent., of the ventricle 50 percent. ; the le;ist reduction of 
the auricle was 27 per cent., of the ventricle 28 per cent. The chloroform caused 
no alteration in the frequence or regularity of the rhythm of the beat. 

X. 19 MGRMS. CHCI, PBR LiTXB MODIFIED RiKGBR's SOLtfTtON 

(CHCIf In '0019 per tent. Muthn) 

With this strength of solution we have observations on one heart only, a dog*s 
heart. The beat of the auricle alone was recorded. The weakening of the beat, as 
estimated by the reduction of the excursion of the recording lever, amounted to 69 
per cent. The full effect ot the drug was obtained in about seventy-five seconds 
from commencement of the administration. When the administration was prolonged, 
to ten minutes, the heart was rather less afilected toward the end of the dose than 
at the banning of the dose. 

XL 15 MGRMS. ClICl, PER LlTKt MODIFIED RiNOBr's boLUTIO.V 

(C//C/, in "ooi 5 per out, tHbitm) 

(^-ig- 9) 

The auricular beat was always obviously weakened. The degree of weaken- 
ing, as indicated by reduction of the amplitude of the excursion of the recording 
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lever, varied between lo per cent, and 50 per cent The average weakening in seven 
observations on three hearta was 30*5 per cent. Recovery was always rapid, be- 
ginning a few seconds after cessation of the administration and reaching compietion 
in from ninety seconds to four minutes. 

The ventricular beat was likewise also obviously weakened. The reduction 
ot the beat varied from 26 per cent, to 49 per cent. ; it averaged in three hearts 38 
per cent. The weakening began within ten seconds of commencement of administra- 
tion, and obtained full effect in seventy seconds. It tended to diminish as time went 
on, being less marked at end of the seventh minute than at end of the second 
minute of administration. 

In Heart 30 the effect of this strength of CHCI, solution was compared with 
that of a sohition iif twice tlie concentration on the same heart, the weaker solution 
bfinp admiiiistet ej hibt. 1 he weaker solution reduced the aurtcle heat by 30 3 per 
cent, ^^nican ot three observations), the ventricle Ixat by 26 per cent. ; the stronger 
solution reduced die auricle beat by 85 2 per cent, (mean of three observations). 
Recovery b^an about as soon after withdrawal of the stronger as after withdrawal of 
the weaker solution ; but the completion of the recovery took longer for the former. 

The frequency of rate of beat was not ail^ted by the exhibition of the CHQ, 
solution. 

XII. 10 MGRMs. CHCI, PER Litre Modified Rinoek s Solution 
(CHCij in 001 per cent. S hi lion) ( \ in 150,000 by volume) 

(Fig. 10) 

With this strength of solution, only a small reduction of the activity of either 
auricle or ventricle was observed. We have employed it in the case of two hearts. 
In ten observations on these two hearts the average reduction in amplitude of the 
excursion of the lever recording the ventricular beat was 21-7 percent.; the aver- 
age reduction of the auricular beat was more, but in these t\vf> hearts the aur"ci;!nr 
record w.ts not very satisfactor y. I hen w as usually a very slight increase in ampiituae 
ot the vcMtricular beat, just at outset of the exhibition of the drug. Recovery was full, 
but not obviously more rapid dian after stronger solution. There was no alteration 
in the frequence or r^Iarity of the cardiac rhythm. An illustration of the effect of 
this strength of chloroform solution is given in Fig. 10. 

With weaker solutions of chloroform than this last we have not worked. 

PeRFLSIONS with I.OCKk's I'l.lll) 

We have made comparatively feu l ertusions with Locke's fluid. The 
observations are at present insufficient to gciierali£e upon. The fluid maintains the 
heart better than does Ringbr's fluid, and as a vehicle for chlorofiirm amounts from 
the physico-chemical point of view to practically the same thing as the * Ringsr.* 
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The amplitude of the heart's beat has in these perfusions been as a fact somewhat less 
reduced than with corresponding dosage exhibited in 'Ringer.* The results are 
given in Table XIII. 

InPLDENCB of TBMfERATVaZ 

We have been careful to note the temperature of the fluid entering the 
coronary system. We have performed control observations on the effect on the 

beating of the heart of gradual and of more Sudden variations of temperature in the 
fluid su[i[i!tL\i to the heart. As to the former, the exhaustive enquiries by Newell 
Mak iin (h and 2) and by Lancendorff (7) st:uid. So dclinite a quickeninp of the 
cardiac rhythm follows pari persen, with gradual raising of its temperature, that 
Newell Mar-tin formulated a numerical law correlating the two. Lancemdorff in 
result of his own researches modifies Newell Martin's ratio. 

Our observations on the effect of CHCI, solutions on the heart were con- 
ducted between 34°C. and jS^C. We find from our control experiments that the 
slight variations in temperature occurring in our individual CHQ| experiments do not 
confuse the issues raised and studicil in those experiments. 

It is the slight rapid changes that have required guarding against by us, 
namely, when one or other solution was first turned on. This source of error is 
avoided by the 3-way taps. The tap has been turned so as to discharge by the side 
pth any fluid that has lain in the short tubing outside the water bath (dtough jacketed 
in cotton wool). Our aortic thermometer has shown us that hy this means we have 
usually avoided even slight alterations of temjx:rature. The readings of the 
thermometer have been always recorded. Such control experiments as we hnve made 
on this point show th;if the influence of the more siuiticn slight ciiangcs Is ot the 
same order as the cunsidcrably more gradual changes which we have also made 
observations upon, the effects of which were recorded by Newell Martin and 
Langdbnoorpf. In our fidler report we shall furnish further evidence to this 
effect 

Excitation of the Cardiac Nerves 

The cardiac nerves, lying in front of the root of the lung, were faradtzed, 
and their effect on the isolated heart reoMded on many occarions. Typical vago~ 
inhibitory ei&cts on the auricle, and also on the ventride, were almost uniformly 
obtained. The inhibilory effect was more marked on auricle than on ventricle. 
(Fig. 11). It was usually succeeded hv very marked augtnentusKcelerator action, last- 
ing many seconds, or even some minutes. 

Chlorofbrmization docs not easily abolish these effects t>t stimulation. When 
the contracdons were deeply reduced, almost to extinction, b}' the CHCl, perfusion, 
stimulation of the cardiac nerve would still cause slowing frequency>rate or diastolic 
siandsdll ; this was followed often by marked augmentation or acceleration, or both. 
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When the beat had been reduced by the CHC], solution to extincdon, to observe an^ 
inhibitory effect, of course, became impossible* but on faradizing the cardiac nerve 
striking augmento-accelerator effects were often observed. In some cases the heart, 

when it had hern rmdcrini flncrid and motionless by the CUCl. perfusion, was, by a 
brief faradizattcMi ot rhc c ard'.K- nerve, at once thrown into viri(>rou<; action, and 
remained so for a couple ot minutes or so, in spite of continued adnunistration of 
the CHCI, solution all the time. Fig. 12 illustrates this. CHQ, in -cm2 per cent, 
had been already administered to the heart for ninety-five seconds, and the beat of the 
ventricle had entirely ceased from the first minute, when cardiae nerve was stimulated 
for fifteen seconds. In seven seconds from cumnicncenient of the stimulation the 
ventricle, although there was no remission of the CHCI, administration, recommenced 
beating. It soon attaiiu- ! nti extraordinary fnrre and frequency. It continued to 
beat tor about 100 sccomls, giving a scries ot 196 iKats, in spile of the unremitted 
continued perfusion with the CHCI, solution. 

Influence of Deration of ExHiRirroN of the CHCI, SoirrtoN 
A notable feature of the action of CHCI, in dilute solufioti on the isolated 
mamrnaliaii heart is absence ot all cumulative aggravation. The soiutioti produces 
its full edlect in a comparatively fow seconds, f,g,t seventy seconds after reaching the 
coronary system. Further prolongation of the administration does not render the 
depression more profound, but merely maintains it. On the discontinuance of the 
administration the effect passes off at once, in almost as few seconds as it took for 
its establishment. 

With strong CHCI. ■^nliirinns the duration of the adniiiitstrntion does, no douht, 
aggravate the depression of vitality. Thus with one per thous.uid CHCI, solution 
the heart that is not killed by perfusion for thirty seconds is killed by perfusion for 
sixty seconds. But these strong solutions do not come within the scope of thenn 
peutic enquiry. Of moderate and weak solutions it may be confidently asserted that 
on the isolated mammalian hairt their influence is marked by absence of cumulative 
effect. In some of our observatitjns we have kept the chloroform solution, even in 
the strength of 15c tnc^rms. per litre of the Rincfr's solution (/.<?., CHCI, In "OIJ 
per cent, dilution) tlouiiig continuously through the blood-vessels of the hcnrt for 
twenty minutes at a time. Even over such periods as these no cuniulatn c effect has 
been obvious ; indeed, the depression of the heart's beat has been slightly less at the 
end than at the outset of that time (tee following paragraph), and on replacing the 
chlorofortn solution by the pure RtNCSR^s solution the recovery of the cardiac activity 
to its full previous degree has occurred tbsolutely protriptly. For instance, in 
fifty seconds after replaccnicMt of tfic c'll >roform solution In the un chloroformed 
s'>!iirinn the heart has fx'CM Ix-.itiiu; .is vii;on;us1v as it had been prior to the exhibition 
ui tlic drug, and in spue ot its forced atn-yance tor twenty minutes under the action 
of the drug. 
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A second point of interest is the following. During the continuance of a 
prolonged administnition to the heart of a weak or moderately strong CHQ, soitttioii} 
the heart seems to become gradually less and less susceptible to the dose that is beii^ 
employed. A kind of temporary and partial immunity seems to become established. 
This is exemplified by many of OUT tracings. We append pieces from two such 
tracings, Hearts 24 and 26 fFii>^s. 4 nnd The apparent wearing off of the effect 
is not due to any real decrease in the strength of the solution. The same solution, 
that at end of a prolonged administration was not depressing the cardiac activity 
SO potently as it had done at the outset of the observation^ on being, after a brief 
pause, readmitted to the heart, immediatdy acted as potently as at outset once 
more. We have been accustomed to denote this for convenience in the laboratory 
as * immunity ;" but the relative unsusceptibility thus attained was very short 
lasting. 

Excitatory Actiow of Chloroform 

Espedally with stronger solutions of the drug, it was usual for the first efllect 
of the administration to be a distinct though slight increase in amplitude of both auri- 
cular and ventricular contractions. The fact that strong solutions left as an after effect 
on the ventricle a condition of tnco-ordinate fibrillar convulsion likewise suggests an 
irritative excitator)' effect of such doses of the drug. 

After cessation of the administration of the drug in moderate dose it was not 
unusual for the recover)' of the beat to pass over for a short tmic into a condition of 
super-activity. Many of our tracings illustrate this. We were at first inclined to 
attribute this to some slight asphyxia of the cardiac tissue. Control observations 
with boiled-out modified Rinoer^s solution, administered under nitrogen pressure, 
showed, however, that the after effect of the CHCI, solution cannot be clearly and 
^ 1 explained by asphyxia. Moreover, our CHQ, solutions were as oxygenated 
and delivered under the same oxvgen pressure as were our chloroform-free solutions. 
It may, however, be that under the action ot the chloroform the tissue allows an 
accumulation of waste products that it excretes freely in its unchloroformed condition, 
snd libat these efllete decomposition products make an excitatory eflfect whidi they can 
exert on the tissue patent after disappearance of the chloroform depression. 

A ainuhr condition might explain the gradual reduction in the depressant 
effect of a constandy-maintained strength of CHCl, solution continuously exhibited 
to the tissue over a period of several minutes duration, j-.^., five to twenty minutes. 
This reduction does, as stated and illustrated above, actually occur. 

We have rcjieatedly noticed that the amount ot perfused solution passing 
through the coronary circulation per unit time considerably diminishes soon afber the 
CHQ, containing solution has replaced the CHG, free solution. Smct the pressure 
and temperature of the sdutions supplied was the same in both cases, the diminution 
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of flow indicates a vasoconstrictor action by the CHCl, ot) the cardiac vessels ; for 
the difference was so great as to be inexplicable by the loss of the power of the cardiac 
contractions or by a slight increase in the viscosity of the solution. [Subsequent to the 
printing of this paragraph of our Report to the Committee there has appeared a note by 
Professor Schafer and Dr. Scharlieb' on the action of chloroform on the blood- 
vessels, from which it is clear that chloroform causes contraction of blood-vessels 
through which it is perfused]. 

Alteration in Frequence or the Beat-Rate 

As several times mentioned above, we have remarked, with surprise, the usual 
absenct of any alteration of frequence or rhythm of beat-rate in the isolated mam- 
malian heart, perfused with dilute chloroform solution. Certainly, in most cases, the 
heart-beat in our exjxrriments has suffered reduction in its amplitude in degree varying 
with the concentration of the chloroform, without suffering any appreciable change in 
beat-rate either as to frequence or to rhythm. But we have not yet measured out 
our curves sufficiently to say that diminution of frequence docs never occur. 




Fig. 13. Cat's heart. Experiment 17, observation I. CHCl, one part in ;o,ooo of modified Rinact's 

fluid ; 78 c.c. perfused in one minute ten seconds. 
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How litd^ if at Che cardiac rhjrdun is ^Rscied by CHCI, is shown well if 
the heart heats in groups. The am[ditude of the individual beats is chiefly determined 
by the length of the preceding diastole.* If that be short the following heat is less 
ample, if long more ample. Under CHCI, the group-rorm persists practically 
unchanged (cf. Fig. 13). In some cases, however, CHQ, sets aside a pre-existing 
insularity manifest as group beats. 

Thi Dosage por the HsAaT 
It w the concoitration of the CHQ, in the perfused solution which seems to 
practically alone dedde the depth of the depression of activity produced. Mere con- 
tinuance <^ administration of fresh quantities of the drug does not, if the fresh 
quantities do not involve greater concentrations than those already employed, 
aggravate the panilysant action further. In our experiments such high snvn^ths of 
chlorohirm as 15c mgrms. per litre dilutiiic; fluid (-oi 5 per cent. CHCI,) have j crrused 
the whole coronary system uninterrupteiily for twenty minutes at a time without, in 
all that time, producing the sligluest aggravation of the cardiac depression established 
initially in the first ninety seconds. The gradation of the action of the drug seems 
thercibre a function of its tennon in the solvent. The results of our donge experi- 
ments suggest that the csfdiac tissue exposed to a fluid of a cert»n CHCI, pressure 
takes up almost at once a certain quantity, and thnt further cnntinued exhibition of 
the drug under the same tension does not lead to further relative absorption of it by 
the tissue. 

In recent years Dr. WALtxa. has dem<Mistf«tcd, more especially by galvano^ 
metric records of the action-cttrTents in isolated frog^s nervi^ die arithmetic grading 
of the depth of chloroform naroosb obtainidile hf definite grading of the admixtures of 
CHQ, with the'airdf Aie moist chamber containing the nerve. His presidential address 
to the Section of Physiology at th?- Montr' il Meeting of the British Medical Association, 
I 897 {Brit. Med. .Journal, November 20, 1 897), was largely devoted to this theme. In 
it he pointed out the close analogy between frog's heart and frog's nerve in their reaction 
to various anaesdieticB. Our results on CHCI, dosage in fiuid supplied to the 
coronary circulation <^ the mammalian heart reveal just such a gradation a* that found 
by Dr. Waller in nerve treated by chJorofbrm vapour. The possibility of such 
grading of depression by dosage is one on which Dr. Waller' has often insisted as 
of practical importance. We are able to confirm it for the dosage of the isolated 
mammalian heart. 

A form of expressing the CHCI, dosage, less instructive than that of giving 
its solution concentration, but nevertheless usefully showing its power upon the heart, 
is to give the wdght of CHQ,, which reduces the heart beat fay a definite amoUnt, 
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when offered to it at a certain solution (osmotic) pressure. Thus, in our experiments, 
the beat of Heart 8 was reduced by 9: yicr cent, by administration to it of 1-4 milli- 
grammes of CHCI, offered to it a» a *co3 per cent, solution (in Rikger's fluid), that is, 
under a solution pressure (assuming CHG, to be a perfect monomolecular gas) of 
4*79 mm. Hg., at temperature 37* C Stated in amounts calculated per gramme 
of heart tissue (Heart 8 weighs 12*19 jjrammcs), O' 1 1 4 milligrammes per Errammc 
cardiac tisMic nt^Vred under that pressure practically annulled the hrrirt's action. Jn 
other words, about 300 cub. cent, of a 2 per cent, admixture ot chlorotorm with air 
administered to an adult mati, if its chloroform all reached the heart, and reached it 
under the above solution pressure, would, for the time being, practically annul cardiac 
action. 

The alwve figure is given because it may serve to indicate the senntiveness 
of the ni.immalian heart to clilmnfiirtn. The practical proMem requires many more 
data than we possess ;u present before it >. :ui he completely dealt with. Of chloro- 
form inhaled, what portion enters the coronary blood-vessels r \\'hat tension of 
chloroform in air inhaled will, thnmgii the pulmonary membrane, charge the blood 
so as to give therdn an osmotic [n-essure of 5*01 mm. Hg., as in a Rincbr's fluid 
containing 30 mgrms. CHCI, per litre ? From Mr. Vbrnon Harcourt's data, 
furnished in last year's Report of the Committee* (.Appendices, paper II, pp. 15, 16), 
chloroform in such a dilution in water at 37' C. would have a vapour tension of 
•^t; mm. Hij. In the mndified Ringer's solution we have used for perfusion, it 
niav he supjmscd that the tension would not be appreciably different from that in 
water. But the tension of chloroform or any dilution with blood is certainly 
less — ^probably far less — than for the same dilution with Ringer's fluid. The 
experiments of Pohl, Harcourt, and Wells all indicate this. If the ph3rsiotogical 
activity of the chloroform is graded by its sohition (osmotic) pressure, as we infer it 
is, observations easily made indicate that for the same dilution tlttt pressure is much 
lower in blood than in Ringer's fluid. We find, for instance, tadp<i!es much more 
speedily pamlvsed by chloroform exhibited in Ringer's fluid than in blood. 

Our ohNcrvations were carried out as folluwii: — Into two similar stiallow glau dishes, provided with 
gliM covers, ci)u.il quintitScs of equal diltttiam of CHCI, in Rmatt and in dcfibrinsEed blood (pif)> 
respectively, arc plucd the CHCI, in ' KiNctn * into one vessel, tliat in hlood into the oilier. Tv*'> 
tadpoles are chosen siniil.ir in size jnd development. One (.A * is fbced in the one vcs.-icl, the other (B) 
in tfic uthcr. Bulh .A and B &uiiii about Irecl), ;ind (jraduallv :>]iovv »i^ni u( dccrca&in]{ and 
teiivity. The time taken for A and B respectively to became motionless and irresponsive when touched 
is noted. The chloroformed Animal is, as soon as paralysed, at once removed to tVesh water ; the time 
is then noted which is rojuircd for it to regain its jn<)tilitj-. Both animals having been allowed to 
recover pcrtcctly in the fresh water, both are then again put into the chloroform containing fluids, but A 
now into the lltiid prevtoutty occuped by and pirf perm* 'l*he times of anacsthelizatiwi and 
subsequent recovery are then again observed lor both A and B. The following are eumples of sucb 
times i— 
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TADPOLES 

CHCI) I'f per thouiand 'modified Ringer's solution,' and CHCI, 1-5 per dHMuand defibriiuied blood, 

nnlaked (pig). (1 in 1,000 by volume). 



CM«i«fbnaitt*Riii|cr* 




Keflezes gone 


Rfioovery 


Reflezes gone 


Recoveiy 


$OMe>. 


8 nans. 


4 mia*. $0 sees. 


S mhis. 



CHCIa 7$ per tfaonsaml 'modified Rimstii*! fluid,* and CHQ, 7$ per thoraaod defihriaated Mood, 

untaked (pig). (1 in a.ooo by volone). 
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Rcflens gone 
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ReBeies gpne 


Recovery 
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2 mins. Zj sees, 
(begins) 
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4 mins. 
(not fully narco- 
tiwd) 


revivea at once 


. B 


t mini. IJ aecB. 


4 — J inins 


A 


7 mina. 
iufdlx narcotiaed 


revives at ones 



CHCif 7S per miOe 'modified Rmcn's fluid,* compared anth CHCI i*; per milk delibriaated blood, 

mlakcd (pig). 



ChtMnftrmis'lUapr' 


Chlontform in Blood 




Reflexes gone 


Reeoveiy 




RefloKS gone 


Recovery 


Tadpole B 


1 min. 40 sees. 


3 mins. tjl sees. 


Tadpde P 


t min. a; sees. 


3 mins. 


« F 


t „ iS „ 


4 H IS M 


n E 


( N IS M 


40 sees, (fa^ns) 


, G 


1 50 >» 




« H 


s » 


I min. 


M H 


2 n '0 „ 


3 » 




' » 55 >• 


30 „ 



Tlie solution of chloroferm i-j per miile la blood was made by adding so cc. of 5 per 
BiDe Klution of CHC^ in ' modified Rwcu,' to 80 ex. of the fresh defibrinsted blood. 



It is thus seen that the physiological effect of chloroform in Ringer's fluid is 
much greater than that of the same percentage of chloroform in blood. As tested on 
tadpoles, CHCI, in -75 per mille dilutioR in RiNom's fluid is as powerfully narcotic 
twice that percentage oflered, not in Rincer*s fluid but in slightly diluted blood. 
Were the blood quite undiluted, the contrast would presumably be stronger still. 
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Mammalian Heart Perfused with Diluted Blood Containing loo mokms. 

OF Chloroform per Litre 

An experiment in which the heart was perfused with diluted blood showed 
the CHCl, to be much less potent in this medium than in ' modified Ringer's solu- 
tion.' At a strength of i in 10,000 by weight or 100 mgrms. to a litre, the ventricle's 
beat was reduced by 30 per cent, in Observation i, by 32 per cent, in Observiition 2. 
The reduction which we should expect a similar dilution of chloroform in modified 
Ringer's fluid to produce, would be between 80 per cent, and 90 per cent, of the 
ventricular beat. The amounts perfused were: ObservatioM i, 9*5 c.c. in one minute 
fifty seconds, Observation 2, 10 c.c. in three minutes twelve seconds. The blood 
was diluted with an equal volume of Locke's solution. 



Observations on the Human Heart 

In two instances wc have had opportuity to examine CHCl, dosage for the 
isolated human heart. In the first case, observations were commenced six hours post- 
mortem ; in the second, a still-born child, three hours after delivery. The fluid per- 
fused was, in the former case, 'modified Ringer,' in the latter, 'Locke's solution.' 
With a strength of CHCl, solution of 100 mgrms. per litre (l in 10,000), the reduc- 
tion (average) of the auricular beat was 76'5 per cent. ; of the ventricular was 92 per 
cent. The results were therefore quite in conformity with those given by the cat 
hearts. Fig 14 shows one of the records obtained in the second of the above cases. 




,,.,.,,(fv,..,.i"»,...'.>"'ivr 



Tlwla )Mn 



8%nHl for 




Fig. 14. Experiment 52. Observation3. Human heart perfused with CHCl, 100 mgrm*. per litre, Ixickl'i jdotioii. 
Time marked ever}' fifth second. An interval of two mioutes between the end of Trace I and beginning of Tract >• 
CHCl , was perfused for eighty seconds. A, auricular beat ; V, ventricular beat. 
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CoNCLUttOV 

The condusion seems unavoidable diat the heart muscle rapidly takes up 
CHQ, offered to it in the vessels of its coronaij system, and that the quantities it 
takes increase witb increanng tension of the cfalorafem in the solution circuljiting 
through it. 

The osmotic pressure CHCi, in a dilution of i in 100,000 of physio- 
logical saline is about i"6l mm. Hg., at 37" C. This is the lowMt chloroform 
tension wc have worked with. With very strong solutions, such as i per 1,000^ 
toxic after effiKta complicate the simpler rdationship which holds for moderate and 
weak solutions. 

Equilibrium is rapidly («^.; in fifqr secbmb) established between the intra- 
muscular chloroform and the circulating or perfused chloroform. When that is 

established, further exhihition of the circulating chloroform leads to no further 
increase of chlorotorm paralysis of the tissue, provided the solution-tension 
of the circulating chloroform is not altered. Indeed, if that solution-tension is 
maintained, but not increased, there gradualljr ensues in the course of minutes (e.g., 
ten to twent||r nunutes) a distinct chminution of the csrdiac dqwession. Should, 
however, the solution-tension be altered, altentiott in the depth of chloroform 
pandysis ensues in the sense that if the tension of CHCI, is increased, corresponding 
aggravation of the paralysis of the tissue immediately follows, while if the tension t>f 
the circulating CHCI, be lessened, the paralysis of the tissue is immediately 
correspondingly diminished. The s(>ecd and completeness with which this recovery 
from functional depression follows forthwith upon < replacement of the chloroform 
containing fluid hf fluid free from chlorofo rm is a remarkable and characteristic 
feature of the action of chbrofiirm on the heart in weak and moderate concentrations. 
It suggests that, in obedience to the direction of die gradient of osmotic pressures, 
the chloroform in the muscle passes back from the muscle into the fresh fluid supplied 
at zero chloroform nre<isure. In this respect the chloroform behaves as thnun^h it 
were in solution in the muscle. Can this drug poison the muscle without ciir;_-r :ig 
into chemical combination with its substance ? Does it act as an anti-katalysator 
on the foment pr oces s e s windi fie at root of die niomal functaonal acdvi^ of dw 
contracting tissue of the heart ? 

As to the question of (fifeenees of susoeptibilitjr to chloroform of different 
individual hearts, our observations indicate that such diffisrencesdo occur in cats* hearts. 
The differences have been especially obvious to us in our experiments with 'weak 
solutions. The degrees of the difference can be studied b^ references to the table of 
data appended to the report. 
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1. i,;oo MOKMs. CHQ, psr Litre of MooirieD Ringbr's Solvtiok 
{CHCl^ tK't^per cent. dUution) 
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II. 750 MORHS. CHCI, PER Litre or Modified Ringer's Solution 
(C//C/, « -ojs per tent, dik^) 
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III. 300 MCRMS. CHCl. I'tR Litre of Modified Rincsr's Solution 
(C/yCV, in -03 per cent, diluiion) 
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V.bctt 
















Obs. 1 ... 


Sict. 


1 min. 
8, SMS. 


Stopped within 
30 MC8. 


Stopped within 

50 MCS. 


Poll. V. in 3 mtM. 


Obs. 2 ... 




15s cc. 


3 mins. 


A& before 


As before 


Pull. V. in 4 mins. 


Obs. 3... 


»6o cc. 


5 mins. 


do. 


do. 


Full. V. in s mini. 25 


Om. 4 •■• 


600 CC. 


10 mini. 




do. 


rnii. V, in i ntiii. 1$ 
9eei.» beat less NigaUir 


Ob«. 5 ... 


300 cc 


5 mins. 


Stopped within 
z; sees. 


Stopped iit 

85 MCS. 


FuU. V. in t nin. 35 
sees. 


Obs. 6... 


1,775 cc. 


18 mins. 


Stopped 


Stopped 


Full. V. in 40 sees. 


Hmti6t— 












Ob». I ... 


97 cc. 


57 s«c$. 


AlflMtt stopped 


Practically stopped 


Full 


OIm.}... 


iSo cc 


3 rainsi. 


P^4cticalt)r itofped 


do. 


Pun. V. in <6 tees. 


Obs. 3 .•. 


J 


16 min*. 


Stopped 


1 

aiappca 


Full ttltiizuteljr 



I 
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IV. 150 MCRMs. CHCI, PER Litre ' Modified KingerV Fluid 
(C//C/, "015 per cent. Ji/uiiou) 



N«. ot Hearl 


Quantity of 
CHCl.tolullin 


J 

0 itr^i inn of 

60m 


1 

A. best mlMtd hf 


V. test ttitKti ky 


Rccoicry 


///■art I : — 


1 






I 




Obs. 1 — 




63 sect. 


83 |ier eatt. 


I'ractically 8tojq>ed 


FuJl 


Obs. z ... 


1 i 


I min. 

4; WC9. 


1 83 per cent. 


do. 


do. 


Obf. 3 ... 


1 ;6 c.c. 


2 num. 
22 liccs. 


86 per cent. 


Stopped 


do. 


Heart 24 :— 












Ob*. 1 .. 


1 1 3 c.c. 


3 min». 




98 per cent. 


Full. A. begins in 
about 30 sect. 


Obs. 3 


too ex. 


5 mins. 


do. 


99 per cent. 


As before 


Obs. 3 ... 


770 ex. 


20 nina. 


do. 


Hniciicaliy stopped, 
but regains 10 per 
i:ent.ofiis initial value 


do. 


Nimr t6 :— 












Obi. 4 


XJO C.C. 


3 min*. 


Stopped 


Stopped 


FnU 


Ob*. 5 ... 


too C.C. 


10 mins. 


I'raclicilly jitoppcd. 
but a small beat re- 
turns heforcCHCl., 
solution i» turned oiT 


I'r.h liciUy stopped, 
but r(.'g.iins 1 7 per 
cent, of its v.iluc 
b«torc CHCla solu- 
tion is turned ofF 


do. 


Obs. 6 ... 


580 c.c. 


7 mins. 


Practically stopped 


I'racticilly stopped, 
but is beating .tgain 
before CHCI, solu- j 
tion is off 


do. 


Hetrt S9 :— 












Obs. 5 ... 


1(0 cc 


3 mins. 
S sees. 


Stopped 


Stopped 


Full 


Obs. 6 ...j 


320 c.c. j 


J inins. 
{ leca. 


do. 


1 

do. 

i 


do. 



! 

i 
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IV — Continued 



No. of Hart 


Quantity of 
CHCIaMlntiaa 


Duration oi 


A. Wat reduced by 


V. beat reduced bjr 


Rcuivety 














Obs. 1 ... 


I 


; mins. 
lo sec. 


92 per cent. 


89 per cent 


Full 






2 mins. 
35 sees. 


rfictmijy Roppcu 




uo. 


Oh*. 3 ... 




t mills, 
lo aec«. 


do. 


9j per cent. 


do. 


Ob*. 4 ... 




45 ««•• 


<l«. 


Feactically stopped 


do. 


Obs. s ... 




1 min. 
35 sees. 


do. 


do. 


Very imperfect, with 
fibrillar contractions 










- 




Ob& I ... 


i 


4* sees. 


PKActically stopped 


Practically stopped 


Full 


Obs. 2 ... 




1 mil). 
4$s«cs. 


do. 


do. 


do. 


Obs. 3... 




1 min. 
jOsecs. 


do. 


do. 


do. 


Obs. 4 „. 




1 roin. 
38 sees. 


do. 


do. 


do. 


Obs. ; ... 




43 sees. 


Ncjrly stopped 


Nearly stopped 


do. 



Avenge reduction of A. 96-9 ; of V. 97*6 per cent. 



94 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 



V. 75 MGRMS. CHCl, PKR LlTKH Of MoDlFiEU RiNC£r's SOLUTION 

(CHC/, m'oo-}$ per €tiit, tHAtthM) 



H«. of tU»n 


CHC:, iu.u- 


DaratiM«f 




V.lmtNdiMtrity 




Heart 2 :— 
Obt. 1 ■■■ 


t,iOO C.C. 


21 mins. 
40 eecs. 


c6 Mr cent.^ 34. per 
cent* ^^04 68at* 


to per ceiit.!> 67 per 
cent. 


Full 


Murt ]6 
Obs. I ••• 

Obs. z ... 

Obs. 3 ... 


300 c.c. 


3 mins. 
9Hca. 


87 per cent. 


8$ percent. 


do. 


»8o c.c. 


4 min». 

18 SCO. 


Practically stopped 


90 per cent. 


du, 


S40 cc. 


3 minft. 
9 Ma. 


io. 


PnciicaU>' Stopped 


do. 


Ungrt t8 :— 
1 ... 


166 cc. 


3 mint. 


S8.|wr oeM. 


Not recorded 


do. 


Hftirt 31 :— 
Obt. 1 ... 

Obt. X ... 


190 c.c. 


3 min*. 


85 per cent.^ 66 per 
cent. 


97 per cent. ^ 


do. 


160 cc. 


3 mins. 
J sees. 


70 per cent. > 6a per 
cent. 


80 per cent. > 76 per 
cent. 


do. 



Amafe reduction. Heart 16, 3 obs. : A., 95 - per cent. ; V., 917 per cent. 
n n n 3i> ' ^'bft. ; A., per cent. ; V., 88'J per cent. 

Mean tednction in three hearts : A., 79 per cent. ; V., 86*7 per cent. 
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VI. 50 MGRMs. CHCl, piR Litre or MoDimo Rikoir's Solvtion 
{CHCl^ hi *oo; par ena. Mitm) 



ti Hciri 


Qutntitv of 

CHll, )o'li;»ion 


1 

; DMmini af 
Cow 


A. but radMcd by 


V.bmredwcHlgr 


Rccevciy 














Obi. a ... 


t 


40Mca. 


50 per cent. 


Stopped 


FoU 


Ofa*. 3 ... 


ito C.C. 


z mins. 
jz sees. 


73 per cenr. 


do. 


do. 


Olw. ^ ... 


5t ex. 


1 min. 
■ 5 lec*. 


70per ecat. 


do. 


do. 


Obs. c ... 


168 ex. 


3 mint. 

iz sees. 


88 per cent. 


do. 


do. 


Obt. 6 ... 


too c.c. 


1 min. 
57WCS. 


75 pcf cent. 


do. 


do. 


ASiwrf 6: — 


• 










Ob*. 1. ... 


105 ex. 


3 iiira*. 


7$ per cent. 


9a per cent. 




Htan 10 : — 












Oba. a ... 


163 C.C. 


X mms. 
SSsen. 


ap per cent. 


39 per cent. 


FnU 


Hurtti : — 














lO^ CaCa 


3 iniiMb 


n . V^M. i~ .ill . 

0^ per cent* 


^7 per vcAu 




VDIIp S ... 


97 


3 inioi. 

5 MCI. 


01 percBBc. 


o» per vBiib- 


mO. 


Ofaft. } ... 


tf ex. 


3 mins. 


75 percent. 


83 per cent. 


daw 


Obia ^ ... 


St ex. 




■ 69 per ctoL 


S4 per cenr. 


do. 


Ob*. 5 ... 


90 ex. 


3 miu. 


87 per cent. 


85 per cent. 


do. 


Obs. 6 ... 


93 c-c. 


3 mins. 


89 per cent. 


77 per ccnk 


do. 



Avenge reduction. Heart 5 obs. : A., "f* per cent. ; V., 100 per cent. 
„ ,, ,,21,6 nbs, : A., 74 per cent. ; \'., j6'i per cent. 

Mean reduction in four hearts ; A., 62*3 per cent, j V'., 76 8 p«r cent. 
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V'll. 38 MCRMS. CHCl. PFk I.l l RK OF MoDlFIK) Rl NCEr's SoJLUTION 

(C7/C/, tH '0038 i>et ten/, t^ti'uiton) 



^ Qitiolky of 
Now wf Hem jCHCI. toludon 

i 


flow 

f 


A. halt reduced b]r 


V.bat ttiwA hf 




1 




i 

1 








Obt. 1 ... 


103 ex. 


1 Rlin. 

3j sees. 


30 |wr cent. 


Piactically stopped 


Fnil 


Obc. a ... 


«o ex. 


S7 sets. 


30 per cent. 


80 per cent. 


do. 


Obs. 3 


i»7 c.c. 


a rami. 
18 «cc». 


7J per cent. 


StoppeU 


do. 


Obs. 4. ... 


1x5 C.C. 


1 mins. 
1 3 sees. 


70 per cent. 


do. 


do. 


Ob*, s ... 


440 C.C. 


9 nuns. 
JO s«c». 


69 per cent. 


Stopfx-J, hut bc)(ins 
again belore CHCI| 

BOIBIIIil] 19 Oft 


do. 


(irrqjular 
beats) : — 








1 

• 




Obs. 1 ... 


180 QX. 


s mins. 
$j sees. 


Over 70 per cent. 


Over 70 per cent 

1 


do. 


Obs. 2 .. 




3 mins. 


Jo. 




do. 

1 


Ob». ] ... 


«73«- 


3 mins. 


do. 


do. 


1 

j do. 

1 



Average reduction, Heart 7> { ofa*. : A.> 5$ per cent. ; V., 96 per cent. 
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VIII. 30 MGRMS. CHCI, KR LlTRB OF MoDintD Rinoir's SoiVTION 

{CHC/f in '003 per ctnt, Mithn) 



l>o.«rHcin 




A. Wat r«lMcd bgr 


V. teit MdMfd bf 


Rscovccy 


Hurti :— 
Oba. I ... 

Oba. X ... 

Obi. 3 ••• 
Obi. 4 

vin« y *.* 

Oht.6 ... 
Ofas. 7 ... 
Oba, 8 ... 


1 * 

91 C.C. j s mins. 

'• 7 sees. 


63 per cent. 


9; per cent. 

! 


Full 


1 1 1 C.C. 


z mins. 
1 3S««c». 


82 per ceni. 


Stopped 


do. 


SOO C.C. 


3 min», 
40 aces. 


jw per ccni* 


do. 


do. 


18; C.C 


3 mins. 
5 aecs. 


68 per cent. 


Pinctican/ vtofifei 


do. 


7S C.C. 


87 sees. 




9a per cent. | d«. 

\ 


55 ex. 


45 sees. 


65 per cent. 


94 per cent. do. 


aiocc 


195 aces. 


66 per cent. 


9S pef cent. 


do. 


450 C.C. 


9 mins. 
17 aeea. 


6z per oanl. 


Stopped 


do. 


Hfart X- : — 
Ob*. 1 ... 

Ob>.t ... 
Obt. } ... 


78 c-.c. 


1 inin. 
10 sets. 


53 per cent. 


69 per cent. 


do. 


t ;o ex. 


3 mliis. [ JO par cent. 1 3 pt-r cent. 


do. 


140 cc 


] miaa. 


69peroem. 


89 per cent. 


do. 


Ob*. 4 ... 


140 ex. 


3 intn». 


57 per cent. 1 82 per cent. 
' 1 


do. 


Ofaf. I ... 

Ob».j ... 
Obfc} ... 

... 


,13s ex. 




3 mins. 


18 per oenc 


■5 per oent. > 


do. 


1 zo cc. 


3 min». 


Nut recorded 36 per tent. > 


do. 


170 ex. 


5 mins. 


56 per cent. 


a$ per cent. > 


da 


15s ex. 


4 mins. 


$7 per cent. 


40 per cent. > | do. 
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yill—CtHdmttd 



N«.«rHcnt 


CHC;, ...iutK.n, 


Duratias of 








Hw't 28 : 

Obi> J ••• 
Ob«. 6 ... 

/hurt 29 :— 
Ob». 4 ... 


— - ■■ — 

SJe ex. 


10 Hint. 


6t per oent. > 


4oper enL > 


Full 


jto cc< 


5 sees. 


6z aer cent. ^ 


16 Dcr cent. 


do. 


1 20 C.C. 


3 mins. 


45 per cent. 


1 j per cent. 


do. 


Httrt |0 
Ob«. 4 ... 

Ob«, 5 ... 

Obfl.6 ... 


* ■ * 

fO cc 


I mm. 
IS wcs. 


M pCf CCllta 


Not noofded 


do. 


240 cc. 


3 mins. 

3 sees. 


.88..pcf ccnti 






51 cc 


1 min. 

7 MCS. 


per cent. 


do. 


do. 



Avenge radttction. Heart 8, S obt. : A., 67 per oeat. ; V., 97 per cent, 
w It M 27t 4 : A., $5*1 per cent. ; V'., 807 per cent. 

„ „ ,. iS, 6 obs. : A., i; i per cent. ; V'., 2«*6 per CCM. 

» M » 3O1 3 ob». : A., 85*6 per cent. 

„ „ „ 19^ I ofae.: A, 4$ percent.; v., 1$ per cent. 

Mean reduction : A. in five hearts = 61 a per cent. 
M y. in four heart! b $3 per cent. 
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IX. 20 MORMS. CHCl, PER Litre ot Modifkd Rimorr's Solotiok 
{CHCi, m ooz per cent, diktitn) 





Qtuntity of 
CHCl, Mlittiiia 
pcfniic4 


Dvntian of 
now 


A.(ltft)bmraliwidkgr 


V. bMt NdaMd hjr 




/birr 41 : — 












OIm.1 ... 


76 c.c. 


2 min«. 


48 per cent. 


18 per cent. 


Full 


Obt.s ... 


78 C.C. 


1 mio. 


34 cent. 


15 percent. 


do. 


Ob*. 3 ... 


140 ex. 


3 mtaa. 


34 per cent. 


$0 per ceat. 


do. 


OIm.4 ... 


s6o c.c. 


J tnins. 


40 per cent. 


38 per cent. 


do. 


Ob«. 5 ... 


6> ex. 


t min. 
30 sees. 


J 


t8 percent. 


do. 








Aright 






01m. 6 ... 


IS4 ex. 


I min. 


35 per cent. 


34 per cent. 


do. 


Ofa«. 7 ... 


Z40ex. 


3 miBB 


S7 per oeat. 


33 percent 


do. 



Average reduction in A., 6 obs. a 3<9'33 per cent ; V.» 7 obs. = 3S'57 per cent. 



X. 19 MORMS. CHCl, PER LiTRI or MoDIHED RlNCBR*S SOLUTION 

(CHCt^ m -0019 p«r cent. Mum) 



Ha.«f||Mit 


Quill tity of 
perdiftd 


Duntinaf 
Horn 


A. holt KdMcd hf 


V. hem icdnccd by 




JSTmh 14 : — 
DoiTBrOba. 1 


1,700 ex. 


9 mins. 
3$ sees. 




Not recorded 


Good 


Oba. 3 


i,8oe cc 


9 mins. 
35eec». 


75 per cent. 


*•« 


do. 



Average redaction b 69'$ per cent. 
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XI. 15 MORMs. CllCi, PER Litre of Modified Ringer's Solution 
(C//C/, in 'ooi 5 per cent, diiution) 



No. of Hcut 


Ouantitv of 
CHCt, taiulion 
pcffoml 


LiiiraiHOii 01 

f«» 


A. brat rcducnt bjr 


V. beat rrduccii b)r 


Rrcotcfy 


Heart 9 : — 












Obti. i ... 


394 


2 inin». 

30 MC9» 


10 per cent. 


40 per cent. 


Full 


Obs. 1 ... 


640 C.C. 


4 mins. 
40 aces. 




50 per cent. 


— 

49 per cent. 


do. 


Obs. 3 ... 


109 C.C. 


I min. 
17 sees. 


43 per cent. 


37 per cent. 


do. 


Heart 15 : — 












Obs. 1 ... 


810 C.C. 


11 mvoa. 
IX sees. 








Olw. 5 .... 


510 C.C. 


6 min>. 
55 sees. 


so per cent. 


40 per cent. > 

ao per cent. 


PnU 


Httrt |o 












Obs. I ... 


3»o ex. 


3 mins. 
S sees. 


t % per cent. 


26 per cent. 


do. 


Obi. s ... 


So C.C. 


1 min. 
10 iteci. 


34 per cent. 


Nat fcconlcd 


do. 


Obs. 3 ... 


92 C.C. 


1 mill. 

1 5 sees. 


39 F« cent. 


da 


da 



AvcNige reduction. Hew. 9 ^ <■! ; .A , 14 7 per cent. ; V,, 41 percent. 
V K IF JO. 3 30 3 pcf «nt' 

M n » 33k 1 obs. : v., s6 per cent. 
Me»n rednecion in three hearts : A., «8'S per cent. $ V., ]S*4 per cent. 
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XII. lO MGRMS. CHC1| PER LlTRE Ot MoDlFlKD RiNCEr's SoLIITION 

{CHQ^ in "ooi per cent, «Hluti»n i «r\ in \ 50,000 iy W.) 



Na.ef Hcift 


Quantity of 
CHCl, Miatian 
per Ai led 


How 


A. bc*t redacdi br 


V. tcM reduced hff 


Rccvwry 


I' ltrl 39 : — 












Obs. 1 ... 


190 C.C. 


t nin. 
S5 Mca. 


40 per cent. 


1 1 per cent. 


FuU 


Ob*. > ... 


170 C.C. 


I min. 
47 sect. 


45 $ Pw «««• 


17 per cent. 


do. 


Obs. 3 ... 


f 6$ ex. 


3 mins. 


47 per ceat. 


17 per ceat. 


do. 


Ohk4 ... 


180 C.C. 


a mins. 


44 5 per cent. 


ti fig cent. 


do. 


O..S. $ ... 


J65 t.c. 


3 mins. 
55 ««• 


27 per cent. 


per cent. 


do. 


Ihai t 40 : — 












Obs, I ... 


100 c.c. , 2 mins. 
1 


77 per t«a»t. 


29 per cent. 


do. 


Ob». a ... 




s mint. 
3 ttcft. 


4$ per cent. 


14 per cent. 


do. 


Obs. 3 


100 C.C. 


1 mini. 


58 per cent. 


24 per cent. 


do. 


Oba. 4 ... 


I80C.C. 


3 mias. 


57 per cent. 


Bj per cent. 


da 


Ob«. s ... 


230 C.C. 


3 mine 
10 sees. 


40 per cent. 


to per cent. 


do. 



Average rcductiun in lo obs. : A., 48"! per cent. { \' ii'b- per cent. 
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PERFUSIONS WITH LOCKE'S FLUID 



XIII. loo MCRMs. CHG, MB. LiTRi OF Lockb's Flvid 
(fiHClj m -oi per (tut. Mtthv) 



tin. ol Heirt 


Qi .»nlity of 
pcrluird 


Otttfltfion of 


A. brat rrducrd by 


V. iM-at reducri by 




Obs. I ... 


} 


i min. 

ZJ MCB. 


90 per cent. 


96 per cent. 


FoU 


Obs. t ... 


♦5 «• 


i min. 
13 Met. 


88 per cent. 


93 per oenl. 


do. 


OU. 3 ... 


95 «c- 


X mins. 


96 per cent. 


98 per cent. 


do. 


Hurt 56 :— 
Ob*. 1 ... 


358 ex. 


13 aina. 

1$ MCS. 


Nm rec0nled 


9S per cent.— 90 
per cent. 


Foil 


Obt. z ... 


134 fcC. 


J. mms. 
^? sees. 




99 per cent. 


do. 


Obs. 3 ... 


440C.C. 


ij mins. 
^0 


do. 


98 per cent. — 76 
per ceni. 


do. 



Avenge (cduciion, Heart ^ 3 "''^ ■ A , 9 r 3 per cent. ; V., 9$-6 per cent, 
n „ Heart j6, 3 obs. : V., 97 3 per cent. 

Mean redaetion, V. in two hearts : 96-45 per cent. 



XIV. 66 MCRMs. CHCl, I'ER Litre of Locke's Flvid 



(C//C/, in -0066 per cent. Jilution) 



N«. of Heart 


Quantity of 
CHCl.tolution 
petfutcit 


Uu rat ion of 
Dow 


A" fcMft fiAie(^ fcir 


V. k«M t«4lKe<l by 




Heart 44 : — 
Obs. z ... 


80 c.c. 


1 min. 1; sees. 


a 6 per cent. 


40 per cent. 


Full 


Obs. 3 ... 


250 cc 


4 mins. 
50 Mses. 


67 per ceni. 


7S'S P*'' «^«nt. 


do. 


Obt. 5 ... 


toocc 


a mins. 
35 •«»• 


75 per cent. 


63 per cent. 


do. 


Obc. 6 ... 


62 ex. 


I min. 
45 sees. 


87 per cent. 


72*3 per cent. 


do. 


Obs. 7 ... 


385 cc 


12 min<. 
to Kmc. 


85 per cent. 


67-5 per tent. > 
4.< per cent. 


do. 



Aver«Be fcdnaion, A. best b)r (8 per cent. ; V. beat bjr 637 percent 
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XV. 50 MORUs. CHQ, FRk LiTkE or Locke's Fluid 



No. 01 Hean 


Qli-inl:tV r,r' 
CHCI0 %Qi\\\ I'-n 

per fu led 


Duration of 

flow 


A. bcjit rciiucf'l by 


V. bejt reduced bjr 


Recovery 


I rail \ : — 


% 


1 luino. 
XX MM. 






FuU 


Obs. I ... 


\ 


■ rain. 

JJMCt. 


70 per cent. 


41 per oenl. 


do. 


Obi. 4 ... 


65 C.C. 


1 mins. 
45 set*. 


9o per cent. 


6} per cent. 


do. 


01».6 ... 


310 ex. 


17 mins. 


\ 


52 per cent. > 

+0 per cent. 


do. 



AvCTIIge reductuin« A. be,u, 3 obscrv jtiuns, 66'6 per ^cnt. 
M K V. beat, 4 ob»erv4tion», 49 per cent. 



XVI. 38 MCRMs. CHCl, PER Litre of Locke's Fluid 
(C//C/, in '0038 per (tnt. MuHati) 



K«> af Heart 


Qujantity of 
CHCl.iolulion 
f«T6i«cd 


Durxion of 
flow 


A. tstt ndntcd b; 


V, beu rediMcd ty 


KMNiry 


Htmrt 53 :— 
Obs. 1 ... 




I min. 


41 per cent. 


44 per cent. 


FnD 


Ob*. I ... 


80 c.c. 


z mins. 
15 sect. 


41 per cent. 


44 per cent. 


do. 


Obs. 3 ... 


161 e.e. 


5 mins. 
10 sect. 


45 per cent. 


4S per cent. 


do. 


Ob*. 4 ... 


\ 


1 min. 
40 tecs. 


;s per cent. 


45 per cent. 


do. 


Htait S4 :— 
Ob«. 1 ... 


41 ex. 


1 min. 
30 s«cs. 


75 per cent. 


56 per cent. 


FnU 


Obs. X ... 


$0 ce. 


1 min. 
58 sees. 


78 per cent. 


59 per cent. 


dok 


Obs. 3 ... 


89 c.c. 


% 


79 per cent. 


48 per cent. 


da 


Ob*. 5 ... 


90 c.c. 


3 mins. 


50 per cent. 


45 P« 


do. 


Obs. 6 ... 


73 c.c. 


3 mins. 


5< per cent. 


4j per cent. 


do. 


Obs. 7 ... 


11; . . 


m^n^. 


47 per cent. 


40 per cent. 


do. 



Avcr.ifiu rtJijction, Hcirt 53, 4 obs. : A., 45 *5 per cent. ; V'., 44'5 per cent. 

Heart 54, 6 obs. : A., 63-5 per cent. ; V'., 48 83 per cent. 
Mean reduction in two hearts : A., $47 per cent. ; V., 46 66 per cent. 
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XVII. 33 MGRMs. CHCl, PER Litre of Locke's Fluid 
(C//C/, in -0033 per cent. dilHtion) 



NcwM Hcwt 


Quifilitv af 
CHCI. MlB- 

tion pcHiHcd 


Domiga of 
Anr 


A. hat mhictd bgr 


V. bnt itAmi by 




Utaii 46 : — 


75 


1 IIIIDS. 


^ 1 pCr CCn u 




Pull 




Aft e e 


10 sec*. 


0% |KI CBni> 




iUIb 


Ol». 3 ... 


I ;o c.r. 


+ mins. 
^8 sets. 


7 1 per rent. 


61 per cent. 


do. 


Obaw4 ... 


70 C.C. 


2 initio. 

55 ^ 


80 per cent. 


6| per cent. 


60. 


Obs. s ... 


84 C.C. 


3 mins. 

sees. 


75 per cent. 


56 per cent. 


do. 


,Obs. 6 ... 


365 c.t. 


13 mins. 
10 sees. 


67 per «;eui.>33per 
cent. 


63 per tent. > 34 per 
cent. 


do. 



Average redaction, A. beat by 64'83 per cent. ; V. beat by per cent. 



XVllL 30 MGRMS. CHCI, PER Litre of Locke's FluID 



{CHCI^ tH 'ooj per cent, dilution) 



No. of Holt 


1 

CHa,««liMhM 


Dytition ai 


A. beat reduced by 


V. bcM Nductd hf 




Hurt 50 :— ' 
Oba. 1 ... 


9a C.C. 


1 niin. 
33 scrs. 


Not reconied 


30 per cent. 


Full 


Obs. a ... 


> 


1 min. 
$7 >ec«. 


do. 


35 per cent. 


do. 


Oba. 3 ... 


145 ex. 


a mins, 
5S«cc«. 


do. 


$B per cent. 


do. 


//Mr/ ;i : — 

Ohs." 1 .. 


47 


2 mins. 


38 per cent. 


14 per tent. 


Jo. 


Oba, a ... 


29 c.c. 


1 min. 

SO 9CC». 


59 per cent. 


49 per cent. 


do. 


Obs. 3 ... 


JO C.C. 


X mine. 


;8 per cent. 


16 per cent. 


dOu 



Average redaction, Heart 50 : V. beat, 3 obaenrationa» 41 per cent. 

^ Heart >i : 3 oWr\ations, \. Kc.u ;i'6 per cent. ; V. beat 33 percent. 
Mc«n reduction in two hearts, V. beat 37 per cent. 
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EXPERIMENTS ON THE DETECTION OF 
B. TYPHOSUS IN INFECTED MATERIAL 

By EDWARD H. HUM£, B.A., M.D. 

tATi u vr. MeiTTT riLUiw, iiwiwimml 

AL I HOUGH much has been done towards the detection of 5. /v;)/)ww in 
contaminated material, by methods which utilize the differences in its 
chemical activity and in the morphology of its colonies from that of other 
organisms, very lew investigators have laid much stress on its greater motility as 
compared with that of B, ctH, etc., as a characteristic by which it might be recognized 
and isolated. 

Stoddart's"* method is based on this characteristic, while that of Htss*^ 
utilizes all three features, its chemical activity, its morphology, and its motility. 

GABRiTSCHtwsKv', Howcvcr, was the first to devise a method based solely on 
the motility of B. typhosus^ and so far as the writer can determine, no other worker 
has suggested further adaptations of this principle.* 

In connexion with other experiments on ^phoid infection, repeated efforts 
were made by the writer to devise a simple form of GABRrrscmwsKv's tube', such 
as could be used in the routine examination of faeces or even of water. Although it 
was proved possible, using a tiihc of tht^; sort, to isolate B. typhosus in pure rulturc 
from artificial mixtures, and in one special instance, to isolate a motile bacillus from 
the stools and unne of a patient suffering from what is now called ' Para-typhoid ' 
infection, yet the results were inconstant. Too much depended on the tightness with 
which the cotton-wool plug was inserted into the proximal end, and on the facility 
with which one could fill the tubes with the nutrient medium. Further study along 
this line was thcrcftirc (.liscontinued for a time, only to be renewed attcr the publication 
of VON Drigalski's and CoNRArji's' results in the Kebruarv of ttic j-^rcscnt year (1902). 

It was suggested by these writers that emulsions of facets from sus^^ccted 
cases of typhoid fever, or other fluids suspected of containing B. typhoius, should be 
centrifugalized, and cultures made from the surface of the centrifiigalized fluid at 
intervals of fifteen minutes for some hours. They report having been successful in 
thus isolating B. typhosus in many instances. 

It seemed desirable to dL-tcrmlnc whether sLich cciitrifu!»a!!zation rcallv lessened 
the number of bacilli at the surface in anv marked degree, thus bringing the greater 
motility of fi. typhosus into play. Artiritial mixtures ot B. typhosus and B. iuli were 

• Hill* ttfiHii * srrict cap«rinsent6 t<i A-.'^ r [r,i-.\r tl.i- rr jii 1:1 ri.-t,\. '_n th'-- mottlily of ba<terii arrd ihcir abUil}' to 
pcnctrilr »ct totton, i:nl conclipirs ihnl tlirir laic .1 | . ■ -l- c- uiih i n it .1; nctivity of jhctr motility. Hc PWf 
however, «ccni i« bate apfJiol (he principle in Ciic lio;.it>'<n of piiho^riiK bicirri^ trom intectnl nuutUl. 
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accordingly centrifugalized in an electric centriluge (two tfaouMbd ivvolutbns per 
minute) for lengths of time varying from fifteen to sixty minutes. Plates were made 
from the surface in the method outlined by von DRinAi.<;Ki and Conradi,' and, 
although the nunilHi- oi bacilli was found to he less directly after the centrifugaliza* 
tion than just before, yet the difference was not striking. 

It WAS evidently desirable to deliver the suspected material at the itOm of a 
tube, if possible, and to liberate it there into a large quandty of medium in such a 
way as to prevent bacilli from rising to the surface at once, as they would if the 
inoculation were directly into bouillon. The technique of the first experiment was 
suggested during the reading of an article by Harris,* * Concerning an Improved 
Method of making CoUodium Sacs.' 

Expetimeat i. Gelatm armies 

Into lO c.c. of bouillon were inoculated one loop of a young bouillon culture 

of B. ivphosuSf and three loops of a similar culnire of R. .//. Gelatin cnp^ii!r<; 
contaiinng 0*5 c.c, of the above mixture were deposited at the b ittoin ot each ot twelve 
sterile tubes, and over each capsule were poured 5 c.c. of 12 per cent, gelatin, anJtliis 
was allowed to harden. The capvule was now completely imbedded in gdatin. After 
a few trials it was found desiraUe to place the tubes in the thermostat for fifteen 
minutes before allowing the gelatin to harden, in order to expel the air-bubbly which 
was nf course present at the upper part of the gelatin capsule. Over the hardened 
gelatin there was jwured, in six of the tubes, 1 5 c.c. of gelatin ( 1 2 per cent. ), cnntniii'ng 
bile-salt (c 1; per rent ), and in the other "iix 2 5 c.c. of the same fluid * i here 
was now present at the bottom of each tube a mixture of typhoid and colon bacilli 
imbedded in gelatin, and above it a column of sterile gelatin, all of which was sure to 
melt as soon as placed in the thermostat. It was hoped b) this method to give the 
typhoid bacilli the best possible chance to get away from the colon bacilli. Plates were 
made from the surface of each tube;, the gelatin was allowed to harden, and then all 
twelve tubes were placed in the thermostat at ■57 ' C. At intervals of one hour, the 
gelatin being again in a liquid state at that temperature, one loop was taken from the 
surface of each tube, aiui btiol^cd over the surface of plates of neutral-rcd lactose 
agar.' The results were very uniform, as show;i in tabic 1. 



TABLIi 1 





Alter 1 Imw 


Alter a kmiri 


AA«r 3 bowi 


FUtcs trom surtacc of tubes Conuhiillg 
20 c.c. gcLitin ... ... ... 

Mates iroro tubes conuining 

30 C.C. gelatin 


Sterile 
do. 


Growth 
St«rik 


Growth 



* Ttie UM of WlMall, n a nuaoi of nhlKlbt tke gi^wth at MB-jntcMiul •rimitni, hat alrMwIy tecMne 6anliir> 
in MiMCanttcy^i) ncdini 'WlMalt «fir.* 
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typhosus was the first to reach the suHace in every case. On some of the 
plates a few colonies of B» were also present. 

This j^eenieJ :i promising line of investiir.ition, aiul it was sought to still 
further simplitv tht- proccJurc. Orir puiiit in partuuhir was encouraging ; after 
keeping the lubes for some days there was no apparent diminution in the relative 
number of typhoid bacilli present in the fluid. This was contrary to what one Ittd 
been led to believe previously, and was probably due to the fact that the medium 
was sugar-free, or practically so, making it impossible tor B. eaX to produce add in it. 

Ejcperimeiu 2. 20 pir cent. GeUiin 

Artificial mixtures of typhoid and colon bacilli were prepared as before, and 
amounts varying from O'l c,c. to I'O c.c. were introduced into the bottom of each 
of twelve sterile tubes ; 5 c.C. of 20 per cent, gelatin was then added to each tube 
and allowed to hardeti. Thus the capsules were done away with. After the 
hardening of the gelatin, i 5 c.c. of b:!c <;;i!t trtlatin were introduced into six, and 
25 c.c. into the other six, of the tubes, a^ before. Cultures were made from the 
surface at once, and after placing the tubes in the thermostat, at intervals of one 
hour, the results coincided almost exactly with those of Experiment 1, except that 
the simpler method, involving less jarring of the tubes, seemed to give the typhoid 
bacilli even a better chance of rising to the surface alone. 

Expmmett 3. Isclation of B. typhosus from infected tMter 

As it was not possible to secure water which had been strongly suspected of 
contamination with typhoid faeces, 600 c.c. of tap-water were inoculated with two 

small loops of a young boLiillnii culture of B. typhosus^ and small amounts of this 
intecteii w.i(ct were introiiiKcJ into the sterile tubes as in Fxpcriment 2. Five c.c. of 
20 per cent, gelatic. wltl- tlitii introduced, mixed with the u ;Ut.r, and tin dlv 25 c.c. of 
1 2 per cent, gelatin containing bile-salt were added as before, i nc results arc shown 
in Table 2. The cultures were made as before, from the surface of the fluid in the 
tubes, after incubation. 

TABLE a 

Showing the result of an experiment to detect, the use of gelatin tubes, 
typhoid bacilli in infected water : — 



T«bt 


AniMuat inoniUtcd at bouooi 
•f tube 




made ftaa* tatAec «f 


felatin 




Atlrt 3 lioufi 


After 21 hoiirt 


A 


O'l c.c. 


Sterile 


Sterile 


I'urc culture 










B. tyfiun 


B 


0'2 C.C. 


da 


do. 


do. 


C 


0-5 ex. 


do. 


Slight growth 


do. 


D 


I'O C.C. 


do. 


Sterile 


<lo. 


E 


s'o ex. 


do. 


Slight growth 


do. 
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E}qfmmtnt 4. ImIoHm tf B. tfpbom Jhm inftcud mWc 

A flask containing 200 c.c. of milk was inoculatcc! with one loop of a twenty- 
eight hour bouillon culture of B. typhosus, and well shaken. Small quantities were 
introduced into tube*? as in the case of the water ; the tubes were filled with hilc-sal: 
gelatin and placed in the thermostat ; cultures were made at intervals, with the result* 
shown in Table 3. 

TABLE 3 

Showing the results <^f an experiment to detect, by the use of gelatin tubes, 
typhoid bacilli in infected milk : — 



Tube 



PiMc* iMrfc ftaan iMfMt af gdalia 



foOCMlaCcd at battam 
oftBbc 



AlMart 



AActthmn 



N 




Sterile 


Sterile 


Pnre cultttre 
B.tfftims 


0 


O-l c.c. 


do. 


do. 


do. 


V 


O'X C.C. 


do. 


do. 


do. 


Q 


e'5 C.C. 


a.. 


do. 


do. 


R 


1*0 ex. 


do. 


do. 


do. 


S 


■■o ex. 


do. 


Pure culture 
B. Itfktsiu 


do. 



PRELIMINARY EXPERIMENT ON A METHOD FOR INCREASING 
THE NUMBER OF TYPHOID BACILLI IN A FLUID SUSPECTED 

OF CONTAMINATION 

Four factors have beer) generally recognized as hindering the detection <<t 
8. rohoius in water, vi/,. : (i) The compar:it? vclv small number present. (2) The 
lack of iuuntiun suital^ic to keep the organisms alive during the period of invest- 
gation. (3) The presence of B, ceS. (4) The presence of other bacteria, chiefly 
saprophytes. 

The previous experiment had led one to believe that under suitable oondidons 
B. typhosus was not overgrown by B. colt. It was hoped, moreover, by the use of 

bile-salt and a hiL^h temj^erature to inhibit the growth of non-intestinal organisms in 
the water under e\.i:^i!n;iti ?n. Two of the diffirulfies were thus met, theoretically nt 
least. A suggestion recently made by Savage'' led one to believe that the nutrUio:i 
could be provided for ; and fiiiaUy, a knowledge of the method recommended by 



kjui. .^ l y Google 



DETECTION OF B. TYPHOSUS IN INFECTED MATERIAL in 

Koch' for the easier isobtkm of cholem vibrios from stods, led to th« fidlowing 
preliminary expin-iment* : — 

Experiment 5. Three flasks A, B, and C were inoculated as follows ; — 



Ruk A 


Ft»k B 


Fu>k C 


Water, 2,000 c.c. 


Water, a,ooo c.c. 


Water, 2,000 c.c. 


B, if^imrt — i — loop. 


S. (uAuMtr, — loop. 


£. tf/imu, — ! — loof. 


1,000 


1,000 


1,000 




I'cplonc, iQ grammes. 


Pcpt.:if.t, IQ'O i;r.jmmcs. 






Sodium lauroL'holatc, lO'O ^ainmc$ 



Remarks, Tap-water was used. One loop of a sixteen-hour bouillon culture 
ot R. ,'vphmuf was itioculatcil into too c.c. of sterile water, and O'l c.c. of the mixture 
intnniuccd into cLich flask. T!ic jK'ptonc (W'rfTE's) wns introduced in concentrated 
solution and the same was done with the sodium, taurochoiate. 

The three flasks were placed together in the thermostat at 42^ C. Two things 
were to be determined : (i) Whether the number of organisms was markedly greater 
in Flask B than in Flask A. (2) Whether the Inle-salt prevented the growth of 
organisms other than in B. typhosus (Liverpool tap-water being diuly shown to be frsre 
from B. coli) ; alsd, whether the introduction of the bile-salt apparently inhibited 
R. ty^'/iojus, so that rhere were less colonies of it on plates made from Klask C than 
on th'^se made from Mask B. 

After twenty-two hours* incubation, gelatin plates were made from each flask, 
o-i C.C. of the fluid being added to each plate. The writer was obliged to bring the 
experiments abruptly to a dose before exhaustive determinations of the results could 
be ma.Ie. After forty-eight hours* incubation, however, the plates showed the 
foUowiiig results : — 

I'latcs from Flask B showed a tar greater number of colonies than those from 
Mask A. 

riatcs from Mask C showed less colonies than frcni Flask B. This was to 
hs expected, because of the bile-salt in Flask C. Time did not suffice to determine 
whether the number of colonics of B, typbvsm on plates from Flask C was less than 
tiiat on plates from Flask B. Sub-cultures made from the colonies of the former 
proved them to be without exception, however, tlxise of B. typimstn. 

In conclusion. The experiments here reporteil are neither numerous enough 

* E«p«riinent» cea4uci«4 l>y Vmi^Iimi** •tw*'C'i ihat, by incubaittm M hiiili temper jiiut«^ witer offaaiimi MnM 
W cmlrM. 
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nor extensive enough to warrant any large general deductions. The results were 
untibmi enough, however, to be summarized as follows : — 

1. The motility of B. typhosus is enough greater than that of B. coii^ so that 
if infected mafcri:i! he introduccii \nXci the Hottnni of sterile tulu's, temporarily con- 
fined there, and (hen liberated into a long column of fluid, prefcraMy a viscid om, 
B. typhosus will regularly rise to the surface first, and can there be readily isolated, 
often in pure culture. 

2. The presence of sodium taurocholate in the fluid used arrests the activity 
and development of organisms otherthanintestinal, especially if incubation beat 42' C. 

3. If non-intestinal organisms are thus suppressed, and the medium be free 
from sugar, the presence of B. colt will, probably, nnt interfere with the development 
and detection of H. typhosus, in case the latter l>c present. 

4. It seems likely that if to fairly targe quantities of suspected water there be 
added a small percentage of peptone, or other suitable sugar^free nutrient mediuro»as 
well as a concentrated solution of bile-^t, and the mixture be incubated for twenty- 
four hours at 42^* C.J the chances of isolating B. fjiphuks will be greatly increased. 



Septemierf 1902 



^ kj i.u^ i.y Google 



DETECTION OF fi. TYPHOSUS IN INFECTED MATERIAL 



LITERATURE 

I. von Drigalski and ConraJi. TLtituhr.f. Hyg., 1901, XXXIX, p. iSj 
1. GrOobaum and Httme. BriM M^SttlJiMt-naJ^ 1902, !■ p- 1473 

3. Gabritaclwwskj. ZatHir.f, Hjg., 1900, XXXV, p. 104 

4. Harrii. JtAu fftftitt HtffUtt Bullefait i90t, XIU, p. los 
$. Hill. Cam/. FntHUmr, July, 1895, 

6. Hilt. yuuna/^Ei^. Mtd^ 1897, II, pw 677 

7. Koch. Ztluckr.f. Hjg., 1893, Xl\', p. 319 

5. MacConkey. Tktmfion YaUs Lab. RfAt tyoit Hit pt- 1| P- 4* 
9. Savage. PuMf Ufalth, 1901, p. 485 

10. Stoddart. Jem-nal of Path, and Bact., 1897, W, p. 429 

11. V aughao. RtJ. in Ahbotft * PriH. e/ Batt.^' 1902, p. 589 



THE THICK-FILM PROCESS FOR THE DETECTION 
OF ORGANISMS IN THE BLOOD 



117 



THE THICK-FILM PROCESS FOR THE DETECTION 
OF ORGANISMS IN THE BLOOD 

fiy RONALD ROSS 

IN the Journal of Suue Me^Sme^ December, 1902, and the Lancet^ January 10, 
1903, 1 described a method which fiKlKtates the detection of parasites of the 
blood hf enabliiig us to examine thick films of dried blood in (dace of the thin 
rilms now generaify used for the purf>osc. Instead of spreading a small quantity of 
hlood over a large area and then fixing rhc fiaimoglnbin anJ staining, the pro|v><;ed 
method consists in taking a conjparativelv Lirgc ijuuntity of i)k)od, scarcely spread 
out at all over the slide, and stained without fixing the haemoglobin. In the first 
method one b often compelled to search many fields before finding a parasite : in the 
second method the paraates are much more crowded together owing to the thickness 
of the film of dried blood emplojred ; and are just as visible as in Hcvt thin film omng 
to the fact that tlic h iLningIobin» the opacjue dement of the blood, not bong fixed, 
has been washed out dunng^ the process of staining with aqueous stains. 

PhntnLrraphs ot a preparation of malarial blond niadf hy this method were 
published in the Journal of Tropical Aleanine, l-cbruary 2, 1 yoj ; and Rl'oe has 
verified and amfdified the process in the Deutsche Med. fFecb^ March 19, 1903, 
S. 205. Recently Bell and Laing advocate it for the detection of plague bacilli in 
blood {Lan(e$^ June 20, 1903) ; and I am confident that it will be found useful for 
diagnosis in many affections besides malaria. 

I now give a water-colour drawing of a fuld of a thick-film prepration of 
blood taken from an ordinary case of aestivo-autiininal iiitcction. In a thitk-rihii 
prepratioii of the same blood, less than one parasite on the average could be found 
in each field ; whereas tt will be seen that about eighty parasites can be counted in the 
field given in the plate. The photograph shows a field of a thick-film preparation of 
rat's blood containing Trypanosoma brucei. In a thin film of the same blood only 
o:ie or two parasites could be. found per field. 

I am now using the following stock formulae for staining : — 

liosine, 1 gramme Medicinal Methylene Blue, 10 grammes 

Water, i,cx>o c.c. Sodium Carbonate, 5 grammes 

Water» 1,000 c.c. 
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It is necessary to keep the Uue solution for some days in a warm place until 
it has acquired the well-known purple tint. The thick film of blood on the riide i» 
dried, and then very gently washed until all the colour has disappeared from it. A 

drop or two of the eosine solution is now placed upon it [^without previous drvinp), 
and allowed to remain tor a minute. Next, a drop or two of the blue solution is run 
in, and allowed to rcmani tVom fifteen to thirty seconds, lastly, wash with a very 
gentle stream of water for a minute or so ; dry, and mount or examine. 

The student must practice the method in oider to obtain perfect results. He 
should aim at staining the parasites in a typical manner without staining the stromata 
of the red corpuscles. If the preparation is SO much overstained that the stromata 
are deeply coloured, the preparation is not so elc;gant, though it nuy sdU be 
useful. 

For crescents and other large pigmented malarial parasites, I use the weakest 
possible staining, sufficing just to give a faint tint to the organisms without obscuring 
their melanin. With trypanosomes the blue must be applied somewhat longer than for 
malaria parasites. It should be noted that for Hamamaeia vivax the method hats 
not proved very satisfactory owing to the indecisive staining of the chromatin. 

It is advisable to use a h%h ocular, say Nos. 4, 8, for finding the smallest 
oi^gamams. 
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Tiyfiastioma braeei of lU in Thick Film 
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NOTE ON THE STAINING OF BACTERIAL FLAGELLA 

WITH SILVER 

By J. W. W. STEPHENS. M.D., Caxtab 

WALTU MTI.M LICTUllE IN TKOPICAL MIDiClNI, LIVIKroOL 

IN a short communiaition to the Lancet, 1898, I staled that by using largin, an 
albuminate of »lver, I had ea»ly been able to obcun wdl-stained and clear 
specimens of flagelh. I observed at the time that this body, largin, smelled 
distinctly of ammonia, and I attested that my success in using this modification of 

Van Ermencem's well-known method was due to this cause. T was ur.able at the 
time to pursue the matter further, and left it to nny other person interested in the 
subject to carry out. So tar as i know no one has pursuai the suiijcct in this 
direction, and it is only quite recently that 1 have ag«n taken the matter up. 

I anil not here give all the many experiments I made, suffice it to say that it 
soon became clear that the advantage in using largin depended not upon its albumi- 
nate but upon its ammonia content. 

So thnt I next experimented with ammnniacn! silver solutions, but found that 
it was more convenient to add the amiiDnia to the tannic and jjallic acid solution of 
Van Ermengem, ijecausc ammonia precipitates this acid solution, and by dissolving 
the precipitate in excess of ammonia a dear solution is got. With this ammoniacal 
Boltttion I was able to get beautifully stained specimens. 

I next {Hweeded to iind out which constituent of VAif Ermbngbm's somewhat 
complex mixture was the essential one, and I found that an ammoniacal solution of 
tannic acid alone gave as good results as Van Ermesgem's mixture. (So far as I have 
experimented, gallic acid alone has not given me positive results). It was next a 
4aestion of determining the best proportions of tannic acid and ammonia rcsfxttivcly, 
and after numerous trials I find that good results can be constantly got in the 
fdlowing way, though I do not assert diat I have yet found the best proportions : — 

1 take no extraordinary precaution in deaniog glass sides-— for the whole of 
the suining is most readily done on slides — except that after cleaning with a podcet- 
handerchief I heat the slides thoroughly on a clean piece of wire gauze over the 
buQsen. 



132 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 



The emulsion is made in the ordinary way, or for simply determining whether 
or no a bacterium has flagella 1 smear a mass of cultar^ moittened with crater, over 
the slide in the same way as I would make a blood smear with a needle. So fiu' I 
have used Van EaidsKoiM's mordant osmic acid and tannin ; I have, however, got 
positive results by using tannin alone after mordanting for some days, but have 
not made many experiments in this direction. I use then the following solutions : — 

1 . Van 1".r m inc. e m's mordant of nsmic arid and tannin, one-half to one hour 

2. A 0"l per cent, solution ot silver nitrate 

3. 5 per cent, tannic acid + 5 per cent. NH, solutioti (paries ae^uaUs) 
Wash off the mordant thoroughly with tap-water. 

Pour some of the silver solution with a- (upette over the slide, then add a 

few drops of the ammotiium tannate solution till a deep reddish-brown colour is 
produced, and allow to stain for a minute or so, or as long as no black precipitate is 
formed. 

Wa<ih off in ordinary tap-water. 

Rej>cat this procedure two or three imies until the film has a deep brown or 
somewhat black colour. 

It is usual in describing a new method for staining liagella td claim that the 
preparations are most beautiful and quite free from precipitate, without asserting this, 
I will simply say, that in my hands this method has given, with great ease, good 
preparations. 
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A PRELIMINARY NOTE ON THE SUPPOSED 
BACTERICIDAL INFLUENCE OF FLOUR 
AND ALLIED SUBSTANCES ON 
BACILLUS TYPHOSUS 

By HERBERT E. ROAF, M.B. (Tor.) 

THE following experiments were pcrtornied to tollow out some results obtained 
by Klein and HoCston' : -Both these observers used media composed of 
flour, oAtmeal, and ground rice in a ten per cent, emulsion. The media were 
inoculated with various bacteria, and inoculations were made from them at definite 
intervals. According to the length of time that the bacteria could be demonstrated 
it was judged if there was any bactericidal effect. No mention was made, however, 
of control experiments with sterilized water. They found that in a wheat-flour 
medium, H. typhosus was absent after three to five days ; B. diphthiri<if after one day ; 
S. pyogenes aureus after thirteen to twenty-four days ; y. choienu after three to six 
days, and B. pyocyattens after fourteen days. That in otmneal, B. typhosus was absent 
after six days ; U. ^hAeriae after one day ; V. cMerae after two days ; and B. pjt- 
tyaatus after four days. In ground rioe^ B. t^htm was absent after twenty-five days ; 
B^-iSphtheriae after three days ; K (hoUru after two days, and B, pyotytmem after 

twenty-nine A-xy^. 

In the toUowing scries of experiments I employed the H. txph'jius. The 
media consisted in most cases of a ten per cent, emulsion of wheat flour. In some 
of the experiments the material was filtered through a sterilized Pastbur-Chambbr- 
UND filter in order to free it from contaminating organisms. 

In two experiments the filtered juice obtained from potatoes and apples was 
used, and lastly, sterilized water was employed as a control. The medium was in 
each case inoculated with a pure culture of B. typhosus, and a culture was immediately 
made using one c.c. of the mixture. This was either plated immediately or diluted to 
i>onic sLib-nuiltiple of ti n ,ind one c.c. of the dilution used. The material used for 
plating was neutral red taurocholate lactose agar*. The plates were incubated, 
and after twenty-four hours the white colonies were counted. If the colonies were 
too numerous to be counted they wete marked thus «». 

«. OriiakMm and Hmnc, Brimk MmUm/ h»m^ iioif I, P> 147 ]• 
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The various inoculated media were kept in a dark place at room temperature, 
and from day to day one c.c. undiluted, or diluted if necessary, was plated. After tite 

colonics were counted, subculture*; were made in Dvrham's fermentation tubes 
containing gliKosc hrnth. The following experiments are selected from a large 
number which gave similar results. 

The growth of the B, ty^sta in ordinary flour was hard to estimate, owing 
to the overgrowth of contaminating organisms, but in one or two - cases, where the 
contamination was of slight (kgree, results similar to those of Klun and Hovstom 
were obtained. 

Experiment i. Ten grammes of flour were weighed out, and lOO c.c. of 
sterilized water added- This was kept in a sterilized flask and inoculated with 

B. typhosus : — 
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To avoid the difficulties caused by contamination, anodier series of experi- 
ments were undertaken to see if filtered solutions would give the same result. 

Experiment 2. A ten per cent, mixture of flour in sterilized water %vas made. 
This was Altered through a Sterilized Pastsur-Cmamssrland filter and inoculated 
with B. t^boius : — 
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Expmmnu 3. Conditions exactly the nine as in experiment 2. 
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In these expoiments the B. typhosus disaj^sean more rafudtytban in the 
unfiltered emulsions. The reason maybe that the filtering removes some of the 
nutriment rontair^cd in the nvxture of flour .uul water. 

An attempt was next iiKuie to sec if flour couid he sterilized and yet possess 
any bactericuial eflfect. Ten grammes of flour were sterilized in flowing steam for 
twenty minutes on three successive dafs. One hundred cubic centimetres of sterilised 
water were added to the ten grammes of sterilized flour, and the mixture was 
inoculated with B, tffbom. The expenment is too long to give in tabular form, 
because there was no decrease in the number of organisms for thirty-three days, and 
it was rccnvered as late as the i^-fh day after inoculation. 

Two explanations might be given of this result : - 

1. The heating may have destroyed the bactericidal substance. 
3. The heating may have changed the flour so that it formed better 
food for the bacteria. 

To throw some light on this problem, a series of experiments were made by 
Altering a ten per cent, emulsion of flour in sterilized water through a sterilized 
Pasteur-Chamrerland filter. The filtrate was heated to boiling, and inoculated 
with B. typbosus (sec experiments 4 and 5). 



Experiment 4 
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ExptritKtttit 5 
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These results appear to disprove that the bactericidal power, if it exists, k 
destroyed by heating'. 

A preliminary analysis of these media g.u l- the follow ing reactions :— 
On heating, si light precipitate was thrown down. 
Acidity locc. «* 0-15 c.c. NaOH. 

Fbhlimg's test showed a trace of a reducing substance present. 
Biuret reaction showed the presence of proteid. 
A preci(ntate was obtained by saturating some of the solution with ammonium 
sulphate. This precipitate was washed and dissolved in sterilized water. 

The solution «o ohtnincJ was irM)cuI,ifeii with R. typhosus. The bacillus li 
apjTcared in from eight to nine days, thus showing nu sjKcial bacferioidal effect. I wo 
experiments were made with potato juice filtered through a sterilised (ilter ami inocu- 
lated with B. typbosHS. One was heated to boiling before inoculation. In both these 
the growth was very luxuriant after eighteen days, when the material was exhausted. 
Similarly, apple juice had no bactericidal eflPect. 

As a control, a aeries of experiments were made by inoculating B, typhosus into 
sterilized tap water. 

Ejcperiment 6. Sterilized water in Jculatcd with B. lyphsous. 
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The work has had to be interrupted. It rcmuns for further investigation to 
show precisely to what extent a constituent of flour i? responsible fnr the inhihitorv 
action, or to what extent the decrease in nutriment determines the dimumtion in the 
number of bacilli. 



In closing, I wish to thank Dr. GrOnbacm, who suggested this line of research. 
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THE RELATION OF VESICULAR MOLE TO 
CHORION CARCINOMA 

By J. EFFIE PROWSE, M.D., ChB., Glas, 

mm. Mvet riLiow in arNicoLMiCAt tMYitotoev, vkivimitv cotLMt, uviweet 

BEFORl'. t'titLTiiig upnti a di'scussion ot the pathology ot vesicular mole and its 
frequent scquacia, chorion carcinoma, it is necessary to review, somewhat in 
detul, the opinions at present held concerning tiie development «nd structure 
of the chorionic vesicle. 

Much light has of recent years been thrown on this difficult subject by the 
discovery of several observers of certain very early ova. 

Foremost amotTg these is Petkrs, of Vienna, who, in J 899, secured a human 
o\ uni ol only two or three viavs' growth, measuring 1*6 by '8 and '9 millimetres in 
diameter ; so far as is known the youngest ovum on record. The description of this 
and of the way in which it was embedded in utero has, to a great extent, rcvolutiontzcd 
the hitherto widely accepted views of human pbcentation. 

Of the many theories held concerning the mode of attachment of the iertilized 
ovum to the uterus, the following nay be mentioned : — 

1. That the ovum, havintj ptissed through the first stages of segmentation 
ini mediately fn!low!n<!; fertilization, Ijoconits speedilv embedded in the soft and thick- 
eeied mucuus membrane, which is soon reflected completely over it, the ovum coming 
to lie in a cavity shut off from tiie general cavi^ of the uterus. 

2. That some abrasion of the uterine mucosa was caaenttal to the formation 
of a suitable resting-place for the ovum. 

}. The opinion expressed by Bkrrv Hart that possibly the ovum grafted 
itselt till the connective tissue of the utenis which h,ui been expr)sc>.i by the removal 
of the mucous membrane during menstruation. ' PfLCGER tirst suggested that the 
human ovum can only be implanted on connective tissue, and thus cannot develop in 
the healthy tube or cervix, and the view has been strongly upheld by Lawson Tait. 
This theory accounts for the frequency of conception just after menstruation, and for 
the fiict that tubal pregnancy is usually preceded by disease destructive of the tubal 
epithelium, but it does not account for those cases of tubal gestation with no previous 
tubal disease, nor for the occurrence of uterine gestation remote from menstruation, 
as during lactation and patholt^ical amcnorrhoca." (I-othergill). 
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As an alternative hyjxjthesij, it was suggested by Hart that the fertilized 
ovum h;u! the power of nuking its way through the uterine epithelium, as has been 
observed in the develojMiR-nt of the guinea-pig. (Hi iirfcht). 

This latter view is now thought to be the true one, especially sijicc it has been 
confirmed by the observations of Peters, who maintains tint the epiblast of a fertilized 
ovum has an inherent phagocytic action, and bjr its means is able to attach itself to 
the maternal wall by burrowing downwards and laterally into the mucous membrane, 
and so coming to lie embedded in a cavit)' of its own formation. 

The followitiij is a brief summary of the description of the early ovum from 
which the above rhcnrv uns ({educed : ~ 

Pfi KKS tfjuiul the ovum on the scconti or third day, lying in a deep cavernous 
space with overhanging v^ alls, in which no maternal epithdinro was seen. ' Except at 
the point of entrance to the cavity where a plug of fibrin occupied the opening, the 
epithelium on the surface of the mucous membrane was completely intact. The 
rest of the mucosa was found to be congcstcil and oedematous, with some degenera- 
tion of the epithelial cells in the iic:L;lii>'Hirhnod of the ovum, while in the deeper layers 
there was sHi,'ht hvpertro[>hy nt the i^Iaiulular elements. Decidual cells were first 
noted at some littie distance from the ovum, being formed by the enlargement and 
nipid proliferation of the connective tissue cells of the stroma. 

The ovum is described as containing an embryonic area composed of a few 
cylindrical cells, an amniotic cavity completely closed, lined in the outer portion by 
flat cells, and surrounding all the chorionic vesicle. Between the amnion and the 
chorion there were several crs of tm-^-oM.ist, rtu- nnniintic c;u•it^• brinj;, in t net, em- 
bedded in nRsnbiast. The ch«jrio;r.L vesicle w.is luicvi In .i tlnn hi\er ul nic!.oblasr, 
a slight space, however, separated it from the outer layer, which consisted of an 
irregular meshwork of epifalaatic cells, forming a delicate reticulum between the ovum 
and the tissue in which it is embedded. The spaces in this network were filled by 
HMternal blood. 

It is import.int tn emphasize the iact that the earliest chorionic ejMthelium is 
cellular and not pi isr;u)dl;d in nature, as usualK described. For it the name ' tropho* 
blast' has been suguestui by HttBRKCHT, who spt-aks of it thus : — 

'The first new name of which 1 want definitely to establish the significance is 
the name trophoblflst. 1 propose to confer this name on the epiUast of the blastocyst, 
as far as it has a direct nutritive significance, as indicated by proliferating processes, 
by immediate contact with maternal tissue, maternal blood, or secreted material. The 
epiblast of the germinal area, the formative epiblast, and that which will take part in 
the formation of the inner lining of the amnion cavity is, i^o fam^ excluded from the 
definition.' 

As indicated in the above definition, these cells take no part in the formatiun 
of the embryo, but they serve to anchor the ovum to the maternal tissues, and act as 
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a means of nourishment by the absorption by osmosis of certain elements from the 
maternal blood in which it is bathed. This cellular condition of the trophoblast is 

only seen in the very earliest st<^fes» and, as shown in the above specimen, is soon 
replaced by the plasmodial form, especially in the outer layers of the reticulum where 
the process first bepns. In these places the cells were seen to have lost their definite 
outline. 

It has been suggested that this is due to the pressure of the blood, and to 
some chemical action of its plasma^ and it is not difllcult to recognize in these 
cellular masses the qrncytium of the fully f<M-med mllus. 

Pktrrs also noticed that the trophoblast was somewhat more abundant on the 

side facing the decidua basalis than on the outer side. Even at this very early stage 
the difFcrcntiation of the outer Ia\ cr ot the chorionic vesicle inm villi had begun, and 
this precocity ot tlevclopmi nt ot the human chorion has hccn one of the greatest 
factors in misleading embryoiogists, who have based their observations on the 
conditions found in the chick. 

Costs, in 1 847, was the first to observe the r61e of the epithelium of the 
chorionic vesicle. In his description of an ovum, fifteen to eighteen days old, he 
shews the chorion to connst of two layers : an inner membrane passing continuously 
over the inner surface of the chorion, and an outer, which alone formed the hollow 
villi, thrir in lookinrr on the inner surface of this layer, numerous small openings 
were seen which liid not penetrate the inner membrane. Coste believed these villi 
to be the pathfinders for the blood vessels uf the fully formed villi serving 
temporarily to anchor the ovum to the uterus, but he did not describe the histological 
appearance of the layers. Kollik&r, in 1861, had an oppm-tunity to examine the 
chorion, and he found that the outer membrane was epithelial, with cells of the same 
character as in the epithelium of older vascularized villi, and that the inner layer 
consisted of developing connective tissue and carried fine blood vessels, (Misor). 

In Schawbe's embryo, thirteen to fifteen days old, the chorionic villi were 
considerably branched and entirely filled witti mesoderm. Their tips had little 
thickenings of epithelium by which they were attached to the decidua, and this was 
the only connexion between the foetal and maternal dssues. 

.According to Mi not, the reason for this is that the uterine mucosa does not 
grow in between the villi, nor do the villi penetrate the cavities of the uterine glands, 
'only the tips of the villi touch the Kurf;ue of the cfeti.'.ua cither at first or sub- 
sequently, cx(.e[n, lit course, over ttie chnrinn l.ievc Jun^l^ the ahortion ot the villi. 
The lips ot the villi are attached to the uterine surface, they penetrate the decidua 
ibr a short distance, but even in the placental area at the close of gestation the pene- 
tration is dlight and the villi make their way only into the surfiice stratum of the 
decidua serotina. There is no evidence of any sort that the villi penetrate the glands 
at any period. 
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The very slight attachment of the ovum to die deddua thus seen has also 
been demonstrated hy Fothmoill, who described a very early ovum which was 
expelled with a decidual cast. 

The nviim, which was a smnll ycHnw hody, about the size of a ' split pea,' 
was tnunc on a plug which had be e n used to pack, the vagina, but no trace of its 
rcsting-placf was to Ik seen in the cast. 

Sections of the decidua showed the usual typical structure. The uterine 
epithelium remained unaltered in the deep layer of the decidua, but the g^nds were 
dilated and had lost their epithelium in the middle and superficial layers. There were 
large decidual cells and numerous spaces filled with fresh blood. No chorionic vili 
Or portions lit 1. iiorinnic cpitliclium were visil>le. 

Kxaniination of tlic small yclhw body showed a complete ovum ahmtt a halt 
centimetre in diameter, consisting of a sac of chorion only, completely covered with 
chorionic villi. No traces of an amnion or germinal area were found. FoTHBactLL 
believes that this specimen had not grown for more than five or six days* 

In October, 1901, a similar cast was handed over to me for investigation, 
which proved of great interest, in that it revealed an ovum, corresponding in many 
respects to that of Petf.rs. The specimen (see Fig. i, Plate VIII) shows a very perfect 
decidual cast. It has three open-nj^s, one corresponding to the os, the remaining two to 
the openings of the Fallopian tubes. The anterior surfaces hati a flattened appearance, 
while the posterior was rounded in contour, the whole being sliaggv and slighdy 
nodular. It had been spontaneously expelled from a patient who had mined one 
period and who was suflering fit>m retroflexion. On examining the external appear- 
ances of the specimen, attention was first called to the anterior and upper surface by 
a slightly pale area. This was carefully incised and found to be the site of a complete 
ovum, embedded in the decidual tissue. It measured 5 mm. in its longest diameter 
and 4 mm. in its shortest. 

On section, the decidua appeared very much the same as that described in 
FoTHBRGiu's case, and enclosed the ovum completely, except at one point only, 
demonstrable under the microscope, where the decidua capsularis was wanting. (It is 
believed that^ at tiiis p<unt, the fi^rtilised ovum burrowed its way into the maternal 
tissue). VVcIl-fbrmed villi are seen surrounding the chorionic vesicle (see Figs. 2 and 3, 
Plate VII 1), but even at rhi'; earlv stage thev are more numerou? at the poitit oppo?:tr 
the decidua basalis. The epithelium covering the villi has, in many places, retame^i 
primary trophoblastic form, in this respect, closely resembling the cells found 111 
Pbtkrs* ovum, and is seen forming a distinct connexion between the ovum and the 
maternal wall. In most of the villi, the trophoblast forms a single investing coverii^, 
which siibws the syncytium with numerous buds in the outer layer, and a more 
definite inner row of cubical cells, the * Zellschicht * of Lanthans. In several of 
the sections a distinct embryonic area is seen, composed of an irregular mass of 
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epithelioid cells, liaving u very blight attachment at one point only to the chorionic 
vesicle. Qose to this area, and apparently in contact with it» is a small cavityt 
believed to be the amnion. 

(It may be noted, in passing, that from the appearances found in the above 
specimen, the statement made by Peters, that the amnion does not form by free foliis 
as has hitherto been taught, bi!t bv an inclusion of epiblastic cells in the form of a plug, 
bv the breaking down of which the embryo, body cavity and amnion are formed, receives 
contirmation). 

It is a significant fact that at no point in the decidua which the chorionic villi 
hod not touched was there any syncytial tissue, a point which has been much 
emphasized by Minot in discussing the foetal origin of the syncytium. 

That the early ovum is thus only anchored and not adherent to the maternal 

tissues was also demonstrated in innther specimen which came under observation. 

A "?mall ovum, measuring alwut 4 cm. in diameter, almost turiipictclv sur- 
rounded by decidua, was expelled by a patient who had nusscd one menstrual periovi. 

This was floated out in water, and with great care the decidual tissue was 
gently strij^d away. No force was used or required, the villi detaching themselves 
without any apparent damage, the ovum then presenting the appearance of a shaggy 
spheroid. The amnion and chorion were separated and pieces were stained 
and mounted on the flat. The amnion consisted of two vli'-tinct layers, the inner 
beinjT formed ot flat fjrthclial celis with oval niulc:, many in a state of active 
division (epiblast) ; ti>e outer of young connective tissue, long spindle and branching 
cells varying greatly in size and shape (mesoblast). The chorion, with which we are 
chiefly concerned, also consisted of two layers, the inner mesoblastic layer corres- 
ponding with that seen in the amnion. The outer layer was also formed of flat 
epithelial cells, but here the celts were of more than one Is^er, two were seen in some 
places, but the arrangement was not uniform. Here and there over the membrane 
buds of the outer layer were seen, some branched giving nff" smalltr hiuls and having 
a mesoblastic core, others apparently hollow buds of epiuuliutii. 1 he ti()S of the 
villi were found to be quite complete, ending in each aise by a solid mass of cells, 
giving to the villus a clubbed appearance. 

Sections were then cut of the decidua (see Fig. 4, Plate VI II). These shewed 
typical decidual tissue, flat, polygonal spindle and round cells with large round nuclei. 
The free sur£ice to which the ovum had been attached was reticulateil, deep recesses and 
spaces runnlFiij up intn tht- compact layer, but the importa: ce which is attached to the 
sfxrcimen consists in the (act that no trace of foetal structure, such as syncytial cells 
or other parts ot villi were seen in any of these spaces, some of which were liiled 
with blood, or in any other part of the section, and it is not unreasonable to oonchide 
that in these spaces, bathed in maternal blood, the clubbed ends of the viUi were 
previously situated. 
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Having thus briefly described the appearance of the chorionic vesicle in the 
early ovum, the theories concerning the origin of the different layers must he 
considered. This is of particular importance in view of what fellows in the discussioa 
of chorion carcinoma or dcciduoma maliiT'Him so called. 

For many vcars a controversy h ts In t ii wi^jcd hy pathologists, Continental, 
AmericaJi, and British, on this sulijcct, without any consensus of opinion having 
been arrived at. 

On one point, however, all observers are agreed, namely, on a mesobhstic 
origin for the central core of the villus, but it is the epithelial or external covering 
to this core which has given rise to so much discussion. 

In a fuIK-fnrnicd villus of flic -m-loikI <>r tliird week we find an outer 
plasmodial layer, composed of highly rctractinL;, granular pidtoplasm, talcing on a 
deep rich stain with eosin, having no cell walls and well suppiicvi with vacuoles. 
In it arc seen numerous darkly-stained nuclei, of various sizes and shape ; some 
are elongated and flattened as though subjected to pressure from without, and lie 
scattered throughout the protoplasm, others are crescentic or triangular, while 
others again are oval (ir round. These may lie massed together in great profusion, 
or they may, in places, be very sparsely distributed ; this layer is the syncytium. In 
d-rccr contact with the foregoing is anorher hivcr, composed nf more transparent 
cubical cells, havincj a definite cell outline, contauiing a single nucleus and separated 
by a slight interval trom the mesoblast forming the central core. To this layer 
little attention was paid by early observers, and it was not until [882 that 
Lanchahs published his classic description of the Zelbchi<bi, 

Speaking of the distinctive points between this layer and what he called the 
epithelial (syncytial) layer, he says : ' The " zellschicht" consists for the most part of 
polyhedral sharply defined cells, whose lines of division can in most places he 
distinguishevi, except where the layer is thin, containing clear, almost transparent 
protoplasm, poor in granules, with large, spherical, seldom flattened nuclei and 
usually a nucleolus.' Lanohans further emphaMzes the variety of forms these edit 
may assume, from tall cylindrical rods to small spherical or flattened cells, according 
to the thickness of the layer and the pressure to which it is subjected. Of die 
syncytium he writes, that it lies closely over the 'zellschicht,* filling up all depres- 
sions in its upjier surface, anJ sen.iin^ liown processes in between the cells, tjivi'ij 
one the impression that {'UTe is here a double layer of epithelium rather than 
two layers of really different tissues. 

Langhans thus believes that the epithelial layer and the zellschicht ' are derived 
from two distinct sources, since he plainly states that the * epithelial* layer is 
derived from the foetal ectoderm, while the * zellschicht ' has its origin in the 
connective tissue cells of the stroma of the villus, and i^ dierefore, of mesoblastic 
origin. 
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Thi« represents the view of most English and Continental observers. 

CvLLBN refers to it as follows : * It is doubtful whether Lanohaks' layer 
in rtalitjr consists of epithclini cells, some believing that it probably represents 
nothing more than the outlying Stroma cells, which have of necessity assumed a 
marginal arrangement.' 

Roberts loUows Euhn in saying that Langhans' layer is a ' sixcializcd 
stratum of the connective tissue corpuscles of the stroma.' 

There are, however, several observers whose opinion must carry great 
weight who differ very widely from the foregoing. Among these are Minot, 
KatsCHknko, Kt'PPFER, Spee, Webster, and Peters, who all believe not only in a 
common foetal origin for both syncytium and • zellschicht', but also that both layers 
are derived from the foef^il ectoderm. It is of interest that, after careful microscopic 
study of the young ovum previously referred 10, 1 had inde^icndcndy arrived at the 
same conclusion. 

Turning now, for a moment, to the consideration of the origin of the syncytium, 
we find that a still greater diversity of opinion exists. 

Many believe it to be an entirely maternal product. 

TiTRNiR believes the whole covering of the villi to be derived from the uterine 

epithelium. 

Ercolani derives it from the connective tissue of the uterus, ix., from the 
decidual cells. 

Winkler agrees that the covering has two layers, but derives the inner from 
the foetal epithelium, and the outer from the endothelium of maternal blood sinuses. 

Minot, Kupppbr, Spex, Hart, Gulland, Mrrrtens, and Fothxrgill, all 
believe that the syncytium is derived from the foetal ectoderm. 

Webster says, * the foetal origin of the syncytium cannot now be denied. It 
has been clearly pointer! out in viiffcrent niaruuls hv Van Rkxfdkn, HrKKKOMT, ;uu! 
DtWAL. The importunee of tlie hiboiir uf tliese iiLittionttcs in the investigation of tins 
matter cannot be too highly emphasized. Among recent German workers, their work 
has received scant attention. The materiud origin of the syncytium was advocated 
in the days when there was no such careful technique in microtomy as is found now- 
a-days, and it is hard to break away from traditional views.* 

Katschenko hi licves in a common ectodermal origin for the zellschicht and 
svncvtium, and Ulesco-Strooanowa says, 'One can undoubtedly see an intimnff 
connexion between the celliil.ir elements and the syncytium,' and firmly believes in 
the same 'genetic identity ' tor i>och layers. 

Minot has shown very clearly, in his daboiate description of the human 
Morion, that both efnthelial layers of the villus are already formed before the con- 
nective .tissue core 1ms penetrated to its tip. *They are at first clumsy cylinders, 
which may grow to a millimetre in length before they begin branching. They arisen 
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as shown long ago by Cosre, as outgrowths of the ectoderm only/ and concludes 
by saying, * there is, in my judgment, no reason left for diffi»ing from the conclusion 
that both layers arc parts at the foetal ectoderm.' 

As most of the foregoing opinions were based on observations made from ova 
of the second or thir ! '.vi ek, when the villi are fulh tnrriied, it is not siirprisint; that 
so much diversity ot oj>niion existed between different observers, and one isconvincal 
that it is only by a careful and minute investigation of the earliest possible ova, that 
a true idea can be formed of the development of these layers. 

Peters, in his monograph, Vehfr die EinbfUHttg des mensthHcben EUs, 
previously referred to, points out that in the earliest stages the cavity of the ovum 
is siirniLiiidcd by a thick cellular layer, the trophoblast. This is made up of one 
complete ma<;«; of ct'\]<, luoken up here and there bv more or less large blood spaces. 

Petkhs sIkua rliat these spaces comnnmicate with each other by small connect- 
ing canals, which he has been able to trace in a number of serial sections. These 
spaces are filled with maternal blood, and they may again be seen to communicate wtdi 
the maternal sinuses in the dccidua. The innermost cells of the trophoblast are 
cubical in shape, and possess oval or round nuclei. They form a continuous layer of 
cells next the mesoblast, but at this early stage are separated from the connective tissue 
in mf'«t places, bv a narrow -^pnce, giving the impression that the mesoblast has not 
yet followed the epithelial mantle in all its nutuniwths. Between this layer and the 
uterine mucosa, the cells are arranged in groups and strands, and correspond in every 
respect to the cells forming the inner layer, except in those places where they are in 
contact with the maternal blood. 

Here they are seen assuming a flattened shape, the nuclei tend to become 
spindle or rod shaped, in some places crescents arc seen, and here and there a dense 
mass of nuclei, stained very deeply, giving the appearance under the low power of one 
gigantic nucleus. 

In my own specimen, which has been already described, the trophoblast can 
still be recognized as forming a connecting link between the ovum and the maternal 
tissues. The cells are more i>olygonal than those described b) Peters, but they 
correspond entirely with the inner layer of epithelium of the villi, the * zellschicht' of 
Lanchans, and are seen to be a direct continuation of the cells forming that layer. 

In some of the villi only a single cubical row of cells is seen below the 
flatter\ed outer layer, but in quite a number, multiple row of cubical cells are 
present. 

It is specially noticcaMc in this specimen, as in Peters, that the mesoblasttc 
core is not yet in direct contact with the epithelium, but is separated from it here 
and there by flight spaces. 

From the considmtion of these points we can easily recognize in the outer 
flattened layer of the trophobbst, the syncytium, and in the inner cubical layer, tfae 
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' zellschicht' of Lanchans. The trophoblast in its primitive form can onljr be seen 
ill the very early ova of the 6r«t weeks of pregnancy. 1 have never been able to 
finti any in ova of rrsnre than a month old. In one sftectmen I have examincJ, of 
about three weeks old, the transition from trophoblast n ils to svticv timn is wlH seen. 
Xhrcc layers of cells cover in the central core of the villus, tlic »>uter layer is com- 
pletely Hattetied, the nuclei spindle shaped and crescen^c. The protoplast)), in which 
these nuclei lie» stains well ynth eosin and forms a condnuoua ground work for the 
second layer of nuclei, which are larger and more oval in shape, possessing numerous 
granules, but staining less deeply than the outer layer. The third or innermost layer 
has the same continuous protoplasmic basis, and, Iving in it, are large round nuclei, 
iia\'!ng a somewhat transparent apj>earuncc, posscssintj tcwcr granules and arranged in 
a rcifular manner round the stroma of the villus. 

Writing on thts Subject, PtTEJW says: *I have always found, in all my 
preparations, an intimate and genetic connexion between the * zellschicht * and 
syncytium, and I was never able to demonstrate a limiting membrane existing 
between the two layers.' 

I, therefore, rcgiird the whole epithelial covertni^ of the ovum, including that 
of the villi, ns foetal and ectodermal, and consider those theories which infer a 
maternal origin for the syncytium and a mesodermal origin for the * zellschicht ' as 
fallacious, and for the following reasons: — 

1 . The synt^tium cannot be formed from the epithelium lining the glands of 
the uterine mucosa, since these have been seet) to possess no connexion with the 
ovum in the earliest stages, their epithelium being quite intact^ and at no point 
invading or being invaded bv the foetal trophoblast. 

2. The syncytium cannot he derived trom the endothelium of the maternal 
blood vessels, as it has been proved by matiy observers that this shows no sign of 
activi^ during the early weeks of pregnancy. 

3. The syncytium is not derived from decidual cells, as in Pbtbks* ovum the 
connective tissue of the stroma were only banning to take on a distinct chai^ at 
some little distance from the ovum. 

4. The ' zellschicht ' of I anohans is not a specialized stratum of the con- 
nective tissue cells of the stroma, since it has been proved by Minot, Pcters, and others 
that this layer is already well seen before the mesoblastic core of the villus has 
penetrated completely into it. 

As will be seen later, these layers of chorionic epithelium take an active part 
in the formation of vesicular mole, and a still more active and important part in the 
production of chori ni carcinomn, so that in discussing the j>athology of this latter 
condition, it is oi the utmost importance that the foetal and ectodermal origin of 
these cells be kept in mind. 
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PART II 

The chorionic vesicle is, in all stages of its existence, liable to undergo hyda- 
ttdifoi in dcgencraH<iri Plate IX). This condition, about which so little is 

known, is of i,'rc;it intiTcst, owing to the Striking Connexion it has been seen to 
possess with chorion carcinoma, and as an understanding of the clinical features is 
essential to the true interpretation of the pathological appearance^ a few cases, whidi, 
through the kindness of Professor Briccs, of the University of Liverpool, have come 
under my observation, will be discussed. 

According to the da,te of pregnancy at which the disease appears, the chorion 
may be affecteii. 

1. In if'? whole extent, in which case the mole presenrs an ovoid shape, 
corres[iotuiitig ^.lobcly with the interior of the uterine cavity, composed of vesicles 
varyuig greatly in size, having no trace of a foetus or amniotic cavity. 

It may or may not have an enveloping membrane of decidua. These cases 
originate in the early weeks of pr^nancy, and form the commonest variety <^ the 
disease. 

2. In an area corresponding to what should have been the placenta. In 
these cases the mole is more compact ; there tnny be the remains of a foetus inside a 
well-detincd amniotic cavity. This class arises during the first and second months of 
pregnancy. 

3. In a limited area of what appears otherwise at a normal placenta. Here 
the foetus may be quite healthy and well developed, the pregn an cy having gone on 
to full term wi tfiout an untoward symptom occurring. This class of cases is extremely 
rare, as are also those cases in which a twin pregnancy exists, oneovum being a living 

child atul the other a vesicular ir:oIc. The literature bearing on these cases is very 
si atity, ;iru:, beyond the fact of their occurrence being recorded, little more is known 
ot their pathc)iogy. 

The etiology of this condition is obscure, and inany factors must be taken 
into consideration in trying to arrive at the true cause of the disease. 

The age of the patient is apparently of little importance, as the disease may 

occur at any time during the child-bearing period, cases having been recorded as 
earlv as severUcen nnii as late as fiftv-three. It has, however, been noted that the 
cnnJition is more trcqucnt in nujltlparae, especially in those who have borsic ttw 
children, antl in those cases where the pregnancies have not followed each other with 
great rapidity. 

Although most writers agree in aligning as a predisposing cause, some 
pathological state of the mother, some have suggested syphilis in the father as a 
possible cause. 
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*ViitCKOW and Franksl say that if we have to do with syphilis of the lather, 
vhidt has left its mark on the ovum, we must expect to find it has exercised most 
of its influence on the chorionic villi.' 

En<jnmc)irritis has been largely upheld as a predisposing cause, and in support 

of this is pointed out that multiple molar pregnancies have been known to occur in 
fhe same patient. F/niFRinnT: mciuions one ^.a^c who ^\<.-v<:]"pcd rhr rnnd'tinn 
eleven times. Other pathologies! conditions ot the uterus have also been suggested, 
such as fibroids, polypi, etc., but, so far, there has not heen suflicient proof for these 
suppositions. 

VsxT bdicvcs that structural changes in the maternal mucous membrane 
interfere with the proper circulation of the hlood in the ovum, and thus the chorionic 
villi become oedematous, and vesicular mole is proJuecJ. 

KiEFVFR has advanced a similar theory, tracing the conditm'i to prolifciaticg 
arteritis, and this he attributes to the abuse of emmenagogucs in early pregnancy. 
He was not abl^ however, to demonstrate his theory by any histological evidence, 
but die idea is of interest in view of one of the cases about to be recorded, vrhere 
the patient had repeatedly taken pills to procure abortion. 

Berry Hart, assuming the death of the foetus to be primary and not 
secondary, pointed out as a possibility (rather a remote one, perhaps) that, by the 
death of the foetus, the action of the thyroid is withdrawn, and so a myxomatous 
condition of the chorion results. 

LuDwiG Frankel has shewn that there is a marked tendency to the develop- 
ment of vesicular mole in cases where ovarian cystoma already exists. This has been 
confirmed by other writers, among whom may be mentioned, Matvibfp and Sykoff, 
who recently exhibited at the Moscow Gynecological Society a gravid tube containing 
a typical vesicular mole. The adjacent ovary contained tWO corpora lutea in a state 
ofcvstic degeneration, and it is maintained hv these observers that the cystic condition 
of the ova:-y was the ' iindnulUfd catisc ' of tlu- mole. 

Although not prepared to accept such an untjualificd statement, I iully believe 
that there is a dose connexion between the two conditions. Out of the seven cases 
of which I have full notes, in fwo^ the patients were operated on for cystic disease of 
the ovaries before the molar condition was recognized, and tt is highly probable that 
ovarian qrstic disease is present in a still greater proportion of cases where the symp- 
toms have not called for onenitive interference, and so have remained unnoticed. It 
is interesting to note that in the history of the following case, the ovarian, and not the 
uterine condition was the one for which advice was sought. 

The patient, aet. 29, was admitted complaining of a painful swelling in the side 
of dght months* duration. She had had six children, the last two years ago, no 
abortions. Menstruation was regular up to the onset of the present illness, when it 
ceased. During the following eight months of amenorrhoea, the paui in the side 
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incmseil greatly in inteiisity^ at what riiould have been a monthly period, and was 
accompanied by vomiting and a * bearing down sensation/ There was no vaginal 
discharge. Abdominal section was performed on March 5th, 1901, and a large cftt, 

oontunitig a thin clear fluid, was removed from the right side. At the operation it 
was noted that the uterus was wrinkled on its peritoneal surface, and equal in size to 
a four-and-a-half months* prepfiancv. 

On March 24, after a week s slight preliminary bleeding the patient expellcU 
a vesicular mole (see Fig. 6, Plate IX). 

That the existence of ovarian cystic disease is an important factor in the 
causation of vesicular mole has stiU to be proved, but as the two conditions have 
many points in common, it is probable that their occurrence indicates sonicthing 
more- thnn a coincidence. Until, however, a greater numl>cr of cases aa* investi- 
gated with special rcfercnrf tf> this pn-nt, xhv (Question ttni'^t remain undccu'cd. 

Another fact, which must not l>c overlooked, is that a neurotic temperament 
frequently obtains in persons who are the subjects of this disease, and a histor)- is 
often given in these cases of mental worry and distress, leading to much depitssion 
and general weakness. This may be regarded as an important predisposing fector. 

As a primary cause, the circulation of a toxine in the maternal blood has been 
suggested, developed during gestation, and iietermining by its irritative qualities, 
degeneration of the chnrionit villi. This, we believe, comes nearer the truth than 
any of the forego, ti[; them ies, but it is, in the present state of our knowledge 
impossible to definitely prove it. 

Fretjuency. The approximate frequency has been esdmated at 1 in 20,000 
pr^nanciesy but as will be readily understood, the estimate is liable to wide variations, 
owing to the difficulty in collecting such statistics, and the ^t that many cases 
occurring in the early months of pregnancy are diagnosed as carneous moles and 
recorded merely as abortions. 

Sympr^nis. These, stated iinctiy, are eidargement of the uterus, haemorrhage 
or .imeriorriinca, .1 watery blood-stained discharge, occasionally containing vesicles, 
and the usual symptoms uidicattve of pregnancy. 

In all the cases I have collected, the only constant symptom was enlargement 
of the uterus, but it is important to note that enkrgement beyond what is expected 
from the perioil of gestation ,'ch s not by any means occur in all cases, as so 
many writers of the text hooks would have us infer. 

Out of seven cases, in nfir ordy was the uterus larger than the correspoiKiine 
period ot pregnancy ; in all the others, the uterus was considerably smaller. In two 
cases, where the period of pregnancy was eight months, the uterus only corresponded 
in size to a fi>ur-and-a«half months' pregnancy ; in another, a nine-and-a-half months' 
history to a six months* uterus, etc. This latter case is of special interest, as it 
represents one of the few cases in which a molar pregnancy lasted beyond the full term. 



Digitized by Google 



RELATION OK VESICULAR MOLE TO CHORION CARCINOMA 145 



The patient, act. 32, had had one child previously, but no abortions. The 
present pregnancy datL\! from Scpti mlicr r.T), iS()2, the full term being due on 
July iJ'oV Of! May U hacniorriui^c ocLiirrcJ, \\va\ the Uterus was noted to be 
only at the level oi the umbilicus. Alter a tew weeks' rest in bed the bleeding 
ceased, but from July 12 to 18, a fortnight beyond the full term, bleeding was 
resumed, the uterus still remaining the same size. Labour was induced hf Dr. 
Briccs, who placed in utero^ four gum elastic bougies, and at the end of 
seven-and-a-half hours a large hydatidiform mole was expelled entire, the bougies 
not having pcnctnitcd any portion of it. 

In one case only did the uterine enlargement correspond at all cinsdy with 
the period ot pregnancy, and there the history was of four-and-a-half months, and 
the Uterus judged at the time of abdominal section to be four months. 

Therefore, in dcscrilnng the physical chanurters of the uterus in this condition, 
it is necessary to divide the cases into three classes. 

1. Those in which the uterus is larger than the period of pregnancy would 
lead one to expect. 

2. Those in which the uterus corresponds to the period of pregnancy, and 

3. Those in which the Uterus is smaller than the period of gestation. 

The enlarged uterus is, as a rule, soft, fluctuating, and clastic, ballotfonifnt 
cannot be obtained, and in many cases marked tenderness is complained of. In some 
instances, however, the uterus is irregular on the surface and peculiarly hard and dense. 

This was specially noted in the following case, where the tlensity of the uterus 
gave rise to considerable trouble during the abdominal section, performed for the 
removal of ovarian cysts. 

E.G., aet. 29, two children, no abortions. 

Admitted complaining of severe vomiting and bleeding from the vagina. The 
last menstruation occurred about the middle of January, and towards the middle of 
.April haemorrhage set in accnmparned by severe vomiting. This persisted on and off 
up to the time nt admission to hospital on May 28. 

On examination, per vaginani, cystic disease of both ovaries was mavlcout, the 
Uterus being about the nze a four months' pregnancy. 

On May 30, abdominal section was performed, multilocular cysts of both 
ovaries removed. The uterus, although corresponding in size to a four months* 
pregnancy, reached to the level of the umbilicus, being pushed up from behind by the 
cystic ovaries. Hardness of the litems was noted at the time, as it caused much 
ditHcuIty diiriiiu the llg.ltllritl^ <m' xhx pci-.^lt.'?. 

On May clots were passed per vaginam, and, labour pains setting in a few 
hours later, a lai^e vesicular mole was passed early on June i, accompanied by much 
haemorrhage and blood clot. 

V 
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The next most constant symptom is haemorrhage. Although it is usual to 
get a history of attienorrhoea in the early months, sooner or later haemorrlv^e 

almost invariably occurs. In five out of every seven ca"-cs hiu'mnrrhagc was a serious 
symptom. The hlooil loss may be slight and occur only trom time to time, or it 
may be so severe as to etuianger the patient's life, in which case rapid dilatation and 
evacuation of the mole are indicated. 

A thin watery discharge, tinged with blood, is present in a small percentage 
of cases, but, when it is present, is a most valuable and characteristic symptom. 
When accompanied by the discharge of molar vesicles, the diagnosis is conipltrc. 
but as this happens very rarely, too much stress should not be laid on it» 
occurrence. 

In two of my cases, however, a watery discharge was noted, and in one of 
these, vesicles were passed. 

The history is as follows : — 

Mrs. W., set. 26, married four years, two children. 

After the second child was born the patient sufllered from subinvolution and 
endometritis. The last period ceased on December 7, 19CC, anil on April i", 
1901, a vaginal discharge was noted, at first wnttrv, hut later tinged with hlooil. 
It was, however, on itcount of heaiiachc, insomnia, palpitatitin (ncur^Jtic symptoms), 
and vomiting that uvivice was sought. 

On examination, the fundus uteri was found two inches below the umbilicus, 
uterine souffle was made out, but no foeta! heart sounds were heard. Per vaginam, 
there was glandular erosion of the cervix, the oa was patulous and admitted the 
finger, on wiAdrawing the latter, a vesicle was found on it, and, almost immediately, 
two or thrff mo'-t' vrsiclfs were passed. The following liay, after profuse 
haemorrhuL't , iIk- oDupU ii- iin>l:tr mass was fouml Iving in the vagina (see Fig. ", 
Plate X). 1 his was easily removed, and the patient made a good recovery. This 
is the only case 1 have to record in which the uterus was bigger than the period of 
pregnancy to which it corresponded. 

Pat HO LOO V 

As shewn by the accompanying [ihotographs, tiic vesicular mole is composed 
of a mas«; of grapc-like vesicles springing from the chorion. These cysts are 
formed by the degeneration of successive parts ol a viihis, the unafK'cted portion 
forming the stalk of the next vesicle. They vary greatly in size even in the same 
sj-wcimen, small vesicles are seen springing from the larger ones, they (X)ssess no 
r^ularity or arrangement, and are attached by delicate filamentous stalks to each 
other and finally to the chorionic membrane. The whole mass may be encliwed 
in a thin covering of decidua, or the vesicles may be found to be lying almost 
free, the only traces of decidua being found at the upper end, which is usually 
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the more compact. In only one of my cases wa» there an amniotic sac (see Fig. 6, 
Plate IX), and there the mole was unusually compact, only small vesicles being present. 
There was, however, no trace of a foetu» in any of the specimens. 

The mole may be any size from two or three up to nine or ten inches in 
k ngth, the size as previously indicated not having any definite relation to the length 
of the pregnancy. 

The fluid contained in the vesicles is thin, clear, ami w.xtcrv, having a slightly 
redilish tinge, of low specific gravity, nriitral in reaction, contaitiing mucin and derived 
albumins, and debris of highly refructiug granules which do not Stain with osmic 
add. 

- The mucin, which is a glycoproteid, is insoluble in water, and does not dialyze, 
it has, however, a marked capacitv for taking up water, aiu' 1 1 . easily demonstrated, 
tor when a mole is placed in that medium, the cysts swell up and may iKCome quite 
twice their original size. It has heen said 'n s iirt- r)hservers that vesicular moles do 
nut contain mucin, but in each case 1 have exammed, the chemical tests for mucin 
have given a positive result. 

The fluid found in these cysts is formed by the breaking down of the myxo- 
matous tissue of the central core of the vesicle, and to appreciate fully the minute 
chat)ges which occur in this condition, it is necessary to have a dear idea of the struc- 
ture of the cr.rr tif tht- normal villus. 

Here the stroma consists ot connective tissue cells, which vnry greatly in size 
and shape. Some are large with polygonal outline, having a long wavy process horn 
each angle. The body of the cell is rich in protoplasm, and contains a centrally 
placed nucleus, which stains well with haematoxylin. The processes intertwine with 
those of neighbouring cells, so forming a complete network. Other cells are smaller, 
and tend more to the round or ovoid shape ; they possess a well -stained nucleus, 
with OIK" Of morf imrli-oli, nrnl :irc «ift»n scattered irremil.ulv throughout the stroma. 
In a tuil itrni villus, ihc stroiu.i otten presents a tiln'illated appc.irnncc, with 

comparatively tew nuclei. This is most markeii ui the neighhouih«>od ot the 
capillaries, where the fibrillae assume a concentric airangement enclosing the blood 
vessel, the wall of which is only represented by a single layer of flattened endothelial 
cells. The capillaries may be so large as to occupy almost all the stroma, or there 
may be a number of small ones in the same villus. These contain foetal blood 
shewing nucleated red blood corpuscles during the early months of pregnancy, 
(Toikilocytes, microcytes, and many varieties ot leucocytes. 

In vesicular nu>le, the stroma presents a strikingly ditlerent aspect. 1 here is 
a marked absence of nuclei, the main mass of the stroma being made up of a few 
myxomatous cells with very long branching processes. The cells are much elongated, 
their nuclei are rod shaped, oval, or round, according to the pressure or stretching 
to which they are subjected. Between the cells is seen the finely granular matrix 
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oontsuntng the mucin. In some sections these granuks have attained considerable 
size, and, as they stain very deeply with all the basic dyes, they stand out in markeJ 
contrast to the rest of the stroma, ^\'h^.•ther these granules actually consist of the 
mucin secreted l>v the myxomatous cells is not ccrT;i!ii, hut it is quite rc-.i-^oi alile to 
suppose that they do, since they possess ail the physical characteristics of that 
substance. 

That part of the stroma Immediately underlying the epitlieliul layer is the 
most cellular, the nuclei becoming more and more scarce as the centre of the ve«de 
is reached. 

In a vesicle about 2 mm. in diameter, the myxomatous tissue stretches right 
across, forming a very loose and delicate network, but in the large vesicles the central 
core has complete!^ d'sappearcd, the space hcint^ occupied by a thtt^ wrtte-v flui.!. 

One ot the niost striking ft.irurcs, Ii jwcvct, is the entire absence ot blo^ii 
vessels ; so far as can be mavie out, the entire toctal blood supply has been cut off. 
This het is of great diagnostic value, especially in those cases where small portions 
of retained placenta are removed by the curette, and the diagnoms of the condition 
rests on microscopical evidence. That such retained masses do sometimes take on 
a myxomatous degeneration with proliferation of the etnthelium is beyond doubt, as 
two or three example- h:ive come umler my own observation. 

The epitiulium overlying the degenerated stmnia also shews changes which 
are of great interest and importance. The most obvious of these is the marked pro- 
liferation of the cells, which in some specimens is so extreme as to suggest an adeno- 
matous condition. 

Both the syncytium and the zellschicht take part in the prcdiferation, some- 
times one being more in evidence than the other, but in most cases the former presents 

the most striking ap[>earances. The protoplasm of the syncytium stains even more 
deeply than in a norm il villus, and possess nuclei of large size, coarsely granular 
and of very irregular .-^hape. .As in a normal villus, wherever the syncytium is in 
contact with the maternal blood, the nuclei shew the typical, elongated, and flat- 
tened appearance, and if the nudei are two or even three layers deep, the inner- 
most are always seen to be more oval and round as they approach the zellschicht. 
But as we have already seen, both syncytium and /.ellschicht are remiuns of the 
foetal trophoblast, therefore the proliferation which forms so striking a feature 
this condition is not to be regarded as due to the increase of twn vjifTlroiit kinds 
of cells, but to one variety of epithelium which, according to its position on the 
villus, is seen to be flattened, plasmodial, oval, or cuhu.il. 

This proliferation of the epithelium takes place pi ;nci pally on the external 
surface of the villus, where it forms large heaped-up masses of cells. These may 
be cut off and fonn islands which appear to lie free in the blood spaces, while 
others grow out into long finger-like processes which may branch and give oSf 
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buds. These buds arc somewhat typical in apfjcarance. The nuclei arc seen to 
be all massed together in the centre, forming what appears under the low power 
to be the dense deeply-stained nucleus of a giant cell. But on doser examination 
it is seen to be composed of a number of coarsely granular nuclei of very 
irregular sha}>e, crowded together, and fitting into one another. 

In other places the epithelial masses present a more reticulated appearance. 
l>art*c' oval space<; are seen between the cells, suggesting ar. exaiiULratioii of the 
vacuolation protcsb which takes place normally in the plasmodial cells of the 
trophoblast. According to Peters, two forms of degeneration occur physiologically 
in the trophoblast, namely, vacuolation and condensation, and it appears to me that 
in ve«cular degeneration of the chorion, these two processes are carried on in a marked 
degree, giving rise to the network of syttcyttal cells on the one hand, and to buds of 
the same tissue on the other (see Figs. 8, 9, and 10, Plate X). 

Almost more striking, however, than this external proliferation is that which 
I have remarked in many of my sections, nanulv, an inva«!in!i of the stroma of the 
villus by the epithelium. This is a point of great interest, sfiewing as it does the 
power of the foetal epithelium to penetrate into mesoblastic tissue thereby causing 
its destruction. In places the ingrowths of epithelium give the appearance of a 
transverse section of a tubular gland, lying embedded in the stroma, completely cut 
off from the outer investing layers. The inner layer of this glandular looking 
structure is formed of deeply stained flattened nuclei, arranged round the lumen, 
while outside these, cubical and cylindrical cells arc seen, having a detiaitc cell outline 
and possessing oval nuclei. 

These are not seeti in all sections of vesicular mole, but when they are present 
th^ are a sign of great importance as indicating undue actiinty of the epithelium. 

It has beet) said by some observers that it is possible from the microscopical 
appearances in vesicular mole to foretell the occurrence of chorion carcinoma. Whether 
this be so or not has yet to be proved, Init it is interesting to note that in the one 
case of vesicular mole I fiave to record, which afterwards developed this condition, 
the sections diJ present some unusual features. 

To the naked eye, the vesicles were of small size and surrounded by large 
masses of blood clot Microscopically the stroma of the vesicles was seen to be 
completely disorganized, nothing remained of the myxomatous tissue, its fdace being 
taken by a homogeneous structurdcss network which stained a dark blue with 
haematoxytin. The outer covering, however, shewed great activity. Like the 
appearances described above, the nuclei were greatly increased, but tht- protoplasm 
of the s\ ncytium appeared shrunken and very granular, as though undergoing some 
degenerative change. 

Budding of the syncytium was very marked, but differed from that usually 
seen, in that the protoplasm formed a thin shell-like enveloping membrane, inside of 
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which were crowded dense masses of deeply stained nuclei. In that part of the syn- 
cytittm which was in contact with the maternal blood* a curious fringe-like appearance 
was seen» and» although 1 have noted this in several other cases, it was specially well 
marked here. The fringes, which are best seen with an oil immersion lens, resemble 

cilia very closely, and it is reasonable to suppose that they are provided to help on the 
stream of blood through Inr^^ spaces, where of necessity the circulation must he very 
slow, and also, jx*rhaps, to present a larger surface for the nhsotptinn <>( nutrient 
material for the growth of the vesicle. As the whole structure has no blood supply 
of its own, it is dependent entirely on the maternal blood for its nourishment. 

Another striking feature of this case was the enormous number of leucocytes 
which were present in the blood, bathing the vesicles. In places, the number of white 
corpuscles exceeded even that of the red, and suggested, very forciUy, the idea that 
some infective process was going on. Many varieties of white cells were seen, lympho- 
cytes, large mononuclear and multinuclear leucocyte*? being specially numerous in 
those regions when the blood wn*? in :»ctual contact with ,i vehicle. 

It would appear from this that the vesicles themselves were the source ut 
irritation, the Mood reacting to the stimulus and pouring out a dense teucocytic 
exudation, or it may be that the blood having been inflxted reacts again on the 
tissues of the mole, causing it to take on a malignant growth. 

Whether this be so or not, one is convinced, after the study of a large 
number of sections of vesicular mole, that a very real and intimate connexion exists 
between vesicular mole and the condition presently to be described, namely, 
chorion carcinoma. Vesicular mole has been describeil by Vrankki. as a ' chorio- 
e|Mthelioma benignum, and if the remains of a mole undergo malignant develop- 
ment there occurs a chorio-epithelioma malignum.* Other observers have described 
the condition as a cystic new formation, but the advocates of this view are few. 

ViRCHow believed it to be a true hypertrophy of the villi with myxomatous 
degeneration of the connective tissue of the stroma. 

M.\RCH/\M>, whose researches nn this subject are of great value, lays 
emj>hasis on the pn)literation of tlic syncytium and I . angh ans' cells, anil regards 
the swelling of the vesicle as a dropsical condition produced mechanically and not a 
myxomatous degeneration. 
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PART IIL CHORION CARCINOMA 

TIvs coiKiiEr*3ii, under che name of • Sarcomii Deciiluo Ccilularc," was first 
dcscrilicd by Sanger, in 1888, as a ' malignant deciduoma-furniing mcta$tU!it!>.' 

In 1890, Pfeiffbh independently published notes of a similar case, and 
proposed (or it the name of * Deciduoma MaGgnum.* Since that time considerable 
attention has been paid to the sul^ect, especially by continental observers, and the 
literature is already somewhat extensive. 

It seems doubtful, however, if all the cases published under this heading have 
been genuine cases of what is understood by the term ' Chorion Carcinoma ; ' and 
since there has been so much difference of opinion cxj)rcs;>cU as to its pathology, even 
by eminent workers, uc arc inclined to believe that three classes of cases have been 
described. 

1. A true carcinoma developing from remains of a vesicular mole or retained 
chorionic elements. 

2. A sarcoma of the uterus developed during and influenced by pr^nanqr, 

and 

3. Ordinary forms of uterine carcinoma (Eden). 

As will be seen later, in studying the pathology of this disease, we regard the 
name * Oeddnoma Malignum ' as misleading and incortvct, there being no eindenoe 
that decidual cells ever take on a malignant growth, and from what has already been 
seen, it is obvious that the syncytial cells for which they have been mistaken, bear 
only a very su|Terficial resemblance to those found in the decidua. 

The disease is a fatal one, death occurring in some cases as early as one month 
after the termination of the pregnancy. It is charactcri/cd by the presence of a uterine 
tumoLir, which grows with great rapidity, and is almost invariably accompanied by 
haemorrhages and an offensive discharge. It tends to infiltrate the wall of the uterus, 
even to perforation, and spreads locally by means of metastasis, which occur along the 
venous channels. 

Etiology of tub Diseajsb 

./j^r. Chorion Carc!nr>m:i mav occur at any age diiring^ the child-bearing 
period, but is strictlv limited to th.it period. Cases have bt'c:i recorded as early as 
15 and as iate as 53, but the largest number seem to have occurred at that period 
when the maternal functions are in the greatest state of activity, i.e., between 20 and 
35. 

But nmre important than the sge fiictor is the nature of the pregnancy imme^ 
diately preceding the development of the disease. 
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Quoting from Ccllen's Cancer of the Uttrus, we find th«C — 

One case followc>! a tuhal rrei:^nnncy. 

One case followed a iniscarriaee at the sixth month. 

Twelve cases followed an abortion. 

Seventeen cases followed a labour at term. 

Twenty cases followed the discharge of a hydatidiform mole. 
*In those cases in which abortion had occurred, two of the women had 
previously expelled hydatidiform moles. Thus in twenty-two (43*3 per cent.) of 
the cases there was a history of the expulsion of a vesicular mole some time prior 
to the appearance nf the disease.' 

Other writers give even a hipht- r percentage than this, and, from mv own 
observations, I believe it is probable that in all cases, whether preceded i>y a moic ur 
not, changes take place in the epithdium of portions <^ retained fdaoenta, which are 
the starting point of the disease, exactly similar to those which occur in vesicular 
mole. As previously mentioned, I have, in two or three cases, found evidencev 
of such changes in pi^s of retained placenta which have been removed by the 
curette. 

It has been objected by F.dev that there is no evidence that pieces of 
placenta go on growing after the death of the foetus, but when it is remembered thit 
the villi of the early ovum, and also in vesicular mole, are dependent for their 
nutrition on the maternal blood in which they lie, and not on the foetal supply , 
it is easy to understand how the chorionic tissue can go on growing long after 
the death and absorption of the foetus. 

As an important predisposing cause, the general condition of the patient 
must He considircd. In a large number nf tlie cases recorded tlictc liave been dis- 
turbances ot the general health dunr!<^ tlic prcccviinL; ]vnod ot prc^n.uic\'. One 
symptom has Iwcn specially noted, viz., pernicious vomiting. This, in many cases, 
has occurred in the early months and led to premature emptying of the uterus. 
Other cases have developed neurotic tendencies — apprehensions as to the result of 
the pr^nancy, persistent headaches, perverted mental conditions, and in one case 
maniacal attacks are said to have occurred. 

In those cases where the disease is preceded by the expulsion nf a vesicular 
mole, the patients are invariably anaemic and emaciated from frequent blood loss, and 
interference with the digestive functions. 

Symptoms 

These, stated briefly, are sudden and severe attacks of haemorrhage, occutring 

within a few days or weeks of the termination of the pregnancy, rapid emaciation, 
profout.d anaemia, an intermittently high temperature, and all the other aocompani- 
meiits uf septic intoxication. 
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The symptoms usually set in shortly alter parturition, though in a few cases* 
9, brief res|»te occurs. On examination, the uterus is found to be enlarged, tender, 

and of a doughy softened consistence. Per vaginum, the os is patulous, but other- 
wise the ccTvix is apparently healthy. Small nodules may be present in the wall "f 
the vagina, if metastasis has occurred. On passing the finger into the uterus, the 
whole or part of the ititerinr is rDuiul converted into a ra;scd hn^oy mass, rcscnibhng 
placenta to the touch. In places, deep excavations may be felt, and at these points 
the extreme thinness of the muscular wall is noted. Rupture of the uterus may occur, 
death of the patient following rapidly on the accident. In one of the cases about to be 
described, the muscular wall of the uterus measured only 1 mm. in thickness, the tumour 
tieing easily 'nsible from the outside, shining through the attenuated muscular tissue. 

Although curettage of the uterus should never be performed in this condition, 
in those cascR whcrr it has hcen done, it has always been accompanied bv excessive 
haemorrhage, the bluc/d gusinng out in a most alarming manner. This is regarded 
by some as a jtoint of diagnostic value, but it would be well if, in doubtful cases of 
this kind, the examining finger were used for the removal of jMcces of tissue required 
for microscopical investigation, as haemorrhage once started, is extremely difficult to 
arrest, owing to the large blocd spaces present In the tumour, and the inatntity of the 
thinned-ottt muscular wall to contract. 

For permission to investigate the following case, I am indebted to the kindness 
of Professor Briggs. 

The history of the case is as follows 

Mrs. B., act. 43, ten children, youngest aet. 14. No abortions. Menstrua- 
tion normal. The last two periods ceased on May 9 and June 20^ 1900. For some 
time previously, the patient, who was of a neurotic temperament, had been subject to 
much mental strain, caused by domestic troubles, and her getjeral health had become 
much impaired. Towards the end of August, when she considered herself about 
three months* pregnant, she began taking pills to procure abortion, and these she 
continued to take in Septemlx:r and October. 

On September 7, uterine haemorrhage set in, and the patient became anaemic, 
her general condition being by this time very low. 

On October 12, she was seen by Dr. Briggs, who described the uterus as 
feeling harder than the normally pregnant uterus, and diagnosed a vesicular mole. 
The uterus was larger in size than would be expected from a pregnancy dating from 
June 20, but smaller than one dating from May 9. Owin^ rn the weak state of the 
patient, no attempt was made to rapidly empty the uterus. Three gum clastic 
bougies were placed in utcro at tunc j .m., and the mole was luiturally exjxriicii on 
the evening of the next day. 

After the expulsion of the mole, the patient continued to bleed, the amount 
lost being small. Symptoms of septicaemia now appeared, and the temperature rose 
and fell irregularly, sometimes rising as high as 105% with occasional rigors. 

V 
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On X<)\ citiher i 2, four weeks after the expulsion ot tlic mole, the uterus was 
cicplored with the finger, and a large ulcerated patth with uuiurated edges was made 
out on the posterior wall near the fundus (see I'ig. 1 1, Plate XI). Extreme soften- 
ing of the wall was noted, and it was feared that perfbnttion was imminent. 

Operation was delayed for a day or two in hopes that the patient's condition 
might improve somewhat, but as she steadily became worse, the uterus was removed 
per vaginam on November 28. The patient survived the operation only eight 
days. 

I'ntortunately, a post-morum examitiation could not be obtained, so tha; 
it IS not known if metastatic deposits were present. 

The uterus was somewhat enlargeii, the body appearing more spherical than 
normally. On laying it open a large necrotic haemorrhsgic area was seen on the 
posterior aspect of the fundus, extenditig over the orifices of both Utopian tubes. 

The growth presented a number of small rounded elevations, several <>f 
which were dark red in colour and extremely soft to the touch. Although depresKii 
towards the centre of the tumour, the edges were raised tiom tlic surroundir.g 
mucous membrane, bulging forward into the cavity of the uterus, the grow th al>o 
penetrating into the muscular wall, almost as far as the serous coat. The niucou* 
membrane lining the remainder of the cavity appeared normal, and (he cervical 
canal shewed nothing abnormal in its entire extent. 

The condition found in the vesicular mole expelled by this patient has been 
already described, and it will be remembered that the sections shewed intense leuyco- 
cytic exudatifni rounii the vesicles. This indicates that the septic infection haJ 
alrendv nrrurred before the mole wn«. cxpellfi!, and as there was ni ukiui [mdifcra- 
tion of tne syticytiutn, with a great intreasc iti the amount of syncytial butis lying 
free in the blood spices, it is probable that metastasis, as well as the malignant in- 
filtration of the muscular wall, had also begun. 

But the greatest interest attaches to the uterine tumour, in that it shews on 
microscopical examination two vesicles deeply imbedded in the muscular coat, aiul 
from them the syncytium is seef> hu>!.iliie of r^nd making its way into the venous 
channels. Looking at a s{\r:o:i, Inijiniimi .it the internal surface, we fiiui i'l 
places remnants ot the mucous memiirane, which is very thin and atrophied. The 
glands are small and lined by a single layer of rather cubical epithelium which in 
places has fallen out, but they present no other features of importance. It is, hoa- 
ever, worthy of notice that the inter-glandular stroma appears to have gone back to 
its normal cnsuliri h:. X> r-.ice of decidual Cells is to be seen, only spindle-shapeil 
cells with small round or oval nuclei are present. 

In most of the sections, the mucous membrane has disappeared, its place hen ? 
taken by blood clot, partially organized in places antl shewing much leucocvtic exuvi^t- 
tion, in others more recent haemorrhages are seen. Here and there, adherent to the 
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surface of this, are seen the remains of villi, most of which have lost their epithelium, 

the myxomatous core being all that is left. Close to, but separated hy the above- 
mentioned semi-organized blood clot, are masses of granular protoplasm, containing 
a tiuniber of oval nuclei. These are deepiv stained and shew preat variety in their 
size and shapes. 7 hc\ arc seen [xiit rrating into the niusiul ii coat, at times, as a 
long strand making its way ieiwards towards the blood spaces by which the muscular 
wall is intersected ; at others, breaking oft into small buds or even isolated cells. 
These wandering cells appear to possess great powers of penetration, as they are met 
with in all parts of the section. They stain deeply, and so stand out prominently 
from the rest of the tissue, the nuclei being especially rich in chromatin. 

About midway between the mucous and serous coats two hydatidiform vesi- 
cles are seen, surrounded in the greater part of their cxretit by a haemorrhaei*' area. 
The stroma of the vesicle is composed of myxomatous tissue, towards the centre it is 
becotning thinned, and spaces are seen which probably during life were filled with fluid. 
There is no sign of any overgrowth in the stroma, and it does not [vnetrate at any 
point the investing epithelial layers. It is to these latter that the special interest 
of the section attaches (see Figs. 12 and 15, Plate XII). 

The epithelium is [ resent, covering the entire surface of the vesicle. Both 
syncytium and Langhans' /ellsLliieht are well seen, and both are in n state of active 
proliferation. The cells lyini,' m inmieduue contact with the stroma arc almost euhiuil 
in shape, though in places much irregularity exists, and they arc arranged in rows, 
sometimes as many as six layers deep. Next to these, and in contact with the sur- 
rounding blood, is the s} iicytium. This is in a more active state of proliferation than 
the zellachicht, large masses of protoplasm are seen budding off, sometimes in long 
club-shaped strands, at others, in small rounded masses. 

Vacuolation of the sviicytium is very marked here, giving the appearance of a 
network ot pnitopl.isni, w-th dcluatcly-curved nuclei, following the outline ot the 
reticulum. Tracing these tn the periphery, it is seen that, wherever the* syncvtium 
comes into contact with the iriuscular wall, syncytial ceils have penetrated tar and 
wide, and plasmodial masses may be observed, having a direct connexion with the 
vesicle on the one hand, and maternal blood spaces, deeply embedded in the muscular 
wall,, on the other. 

. At a short distance from the vesicle just described, but separated from it 
by muscular tissue, a large clump of cells is seen lying free in a venous channel. 
Thev correspond in every particular with the syncytium coverir^g the vesirlr, and 
are evidently derived from that layer. .As the lumen of the vessel is .Umust entirely 
occupied by this mass of cells, it is probable that multiplication is going on in situ. 
Near to the serous coat more villi are seen, also associated with large haemorrhagic 
areas, some of which shew recent blood and dense leucocytic exudation. Many 
of the blood spaces shew invasion by the syncytium, so that from the microscopical 



156 THOMPSON YATES AND JOHNS I ON LABORATORIES REPOR I 



evidence it is highly probable that metastatic depo«ts had occurred» although thrir 
existence could not be vcriticci. 

Gebhardt ha< recnrtled a case in which an hvJatiti villus was enclosed \n 
the tumouf, while Apfelstadt and A'schoff rtcorJ a rcrnarknhlc instance if 
* malignant disease of the uterus following the spontaneous evacuation of a 
vewcvlar mole; both the primary tumour and a metastads in the kbium majus 
were found to consist of a cluster of vesidcsi having the structure typical of the 
vesicular or hydattdiform mole.* 

Although many observers have suggested that chorion carcinoma is developed 
in the above manner, observation of the process under the microscope has only Seen 
possible in very rare cases, and it is admitted by all, that it h onlv by the 
careful study of the condition"; existing in the vesicular mole, when it is known 
to precede this disease, that a true solution of the pathology of chorion carcinoim 
can be hoped for. 

The second case I have to describe was under the care of Dr. Natkak 
Raw, of Liverpool, to whom 1 am indebted for the dinical notes and permisiion 
to investigate the case. 

The patient was a married woman, act. 39, who was admitted on January i !>, 
1002, to Mill Road Infirniarv, Liverpool, complaining of profuse haemorrha£:s 
and oftcnsivc discharge tmm vagina, which hati occurreti on and off ever since a 
miscarriage three months previously. 

No information could be obtained about the pregnancy, but the foetus V3$ 
thought to be of about the seventh month. 

On admission, the pahent*s tempcruure was 99", but from that time it 
gradually rose, and on January 25, preceded by a rigor, it rcachcJ 105 . The 
injection ot 20 c.c. of antistreptococcic scrum reduced the temperature tn normal, 
and the patient remaincti fairly well till F^ebruary 13, when a severe tloodnig 
occurred. On the 1 5th there was another rigor and rise of temperature to 104°. 

February 17. The haemorrhage and offensive dischaigc still continuing, 
chloroform was given and the uterus curetted. During the opetatiGn the 
haemorrhage was most profuse, blocxl gushing out in a most ahrming manner. 
This was arrested by packing ; the patient, who was now extremely anaemic, 
remnining free from bleeding until March 2, when there was another tiff>^i 
followed by a sharp rise to 105-2^. 

March 11. Rigor and rise of temperature to I06*2", accompanied by the 
passage of a large clot. 

March i2. Another rigor and rise of temperature to 105*. 

March 20. ' Since the last injection of antistreptococcic serum, the tempera- 
ture has dropped nearly to normal. She is still very f^ale, and perspires every iiigh'- 
There is now a soft blowing ^stoiic murmur heard at the apex, and evidea^f 
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mtcnd. Thn seems to be infective, and hss just developed within die hst two 
weeks.* 

From dik date up to the beginning of June, the patient remained much in 

the same condition ; there were frequent risea of temperature, on two occanons as 
high as 106'^, preceded in each instance by a severe rigor. On June 8 severe pain 
was complained of in the lower abdomen, and, on the following day, death ensued. 

Durint; the last few days of the patient's life, the uterus wa.s noticed to 
increase in size, somewhat rapidly. 

The cervix appeared normat, but nodular swellings were fdt bimanually at 
the fundus. The extremely low condition of die patient prevented any operative 
interference. 

The fost-morfem examination revealed an enlarged uterus ; the body had 
assumed an almost spherical shape and shining through the thin, almost trans- 
parent uterine wall ; dark red hacnidrrhagic-looking tumours were seen. 

The appcnikiges, although slightly congested, appeared otherwise normal. 

On laying ujien the uterus, the body is seen to consist merely of a thin 
membrane of pale muscular tissue, measuring i mm. in thickness, endomng a bleed- 
ing fungating mass, which corresponds in general oudine to the original wall of the 
uterus. This gives the intpresnon that the malignant growth had begun at the 
mucous membrane, and by some inherent phagocytic action had completely replaced 
the orij:ifina! tissue. On the inner surface of the growth, forming an almost complete 
linini^ to the cavity, is a greenish-yellow slough. Killing up the cavity, but 
adherent ordy at otic point, is a large projecting tumour mass, resembling in appear- 
ance and consistence a placental polyp. This also is covered in places by a 
purulent exudation. 

The recent appearances are reproduced in the accompanying drawing (see 
Fig. 14, Plue XI). 

In the lungs niimernus secondary deposits were seen. These varied greatly 
in size, a tew being as, large as a walnut, but by far the greatest number only about 
the size of a green pea. They felt hard to the touch, and on scctiua were seen to 
correspond exactly with the primary tumour. A fibrous looking capsule enclosed 
each nodule, so that they appeared sharply cut off from the surrounding lung tissue. 
The smaller deposits were (fistinctly paler than the larger ones, which were more 
haemorrhagic, and, therefore, appeared darker in colour. 

An ill-defined area of pneumonia surrounded the tumours, and it is remarkable 
that these did not give rise to an v symptoms during life. The bronchi appeared normal. 

On examination ot the heart, a few brittle v^etations were found on the 
curtains of the mitral valve. 

The rest of the organs, beyond absence of fat and an undue pallor resulting 
from the profound anaemia, shewed notlung <jf interest. 
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Pieces of the primary tumour including the muscular wall, and of the aecon* 
dary deposits in the lung, were hardened in Plimm Kit's solution, and a number of 

sections cut. Examiiting the primary tumour, no trace of the Uterine mwosa was to 

he fmitu!, the intcmal surface being occupie<.i by a mass of necrotic tissue, consistin^j 
lit fifirin, ;i few vji-iulle- rclN, lilood corpuscles, dense masses ot leucocytes, and a numher 
ot badiy stained cocci. Owing to the difficulty in lienionstrating these latter satistac- 
torily, it is impossible to say definitely if they were streptococci, though in several 
instances, the organisms were seen in small chains, and as the tissue had been put into 
hardening fluid before it was sent to me, I was unable to make cultures from it. 

Passing outwarils, we find that this superficial area of necrosis is not sharplv 
demarcated from the adjacent tumour tissue, but becomes gradually merged into it. 
In this nciphbnurhnnd, the remains of cells can be clearly rnnJc nut. frnm mnst ot 
which the nuclei have disappeared, although a faint outline can be traced in some 
instances. 

A number of small broken-uf) protoplasmic masses are seen, staining 
badly, almost entirely devoid of nuclei and of those granules which are so charac- 
teristic of the growing syncytium. It is to be specially noted that neither here, nor in 
any other part of the <^ection, are decidual cells present. The uterine glands have 
entirely disappeared, and no trace is found in any section of the superficial 
epithelium. 

Passing further outwards, we come on the true tumour tissue. This is seen 
to be in a state of active growth. As seen under the low power, the most 
characteristic points to be noted are the irregular masses of cells forming a coarsely 
reticular meshwork, enclosing large haemorrhagic areas. On closer examination of 

the blond in these spaces, it is found that, in the larger areas, disor^ inl/ation of the 
corpuscles is going on and fine threads of fibrin are seen traversing the coagulum. 

In the smaller spaces, the blood appears more recent. The red corpuscles 
have retained their shape and taken on a pink stain with eosin. The white cells arc 
seen to be greatly in excess, their nuclei have stained well and shew many varieties, 
the large multipartite and mononuclear predominating. It is specially noted that the 
blood here is not enclosed in blood vessels, or even in spaces lined by endothelium, 
but lies free, in direct contact with the tumour cells now to be described. 

On examining, even with the low power, it is at once apparent that two 
varieties '>f cells are pr«'sent ; one k'tu! m;tiie up fif irrepilar bands, oval or circul.ir 
masses ot protoplasm containing inmierous deeply stannnj.^ nuclei ; the other •^ni.ilUr, 
oval cells, in some places massed together in such profusion that no cell vmW is 
visible, having smaller and more transparent nuclei. These cdls alone, together with 
the Mood spaces already described, make up the entire mass of the tumour. There 
is no connective tissue stroma between the cells, and no intercellular structure of any 
kitid has been observed. 
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On closer examination, the protoplasinic bands are seen to correspond in every 
respect to the s\ nc yf-um previously described- The ground substance is coarsely 
t^ranular, stains well \vit!i cosin, and contains numerous vacuoles. On tfu- surface, 
wliich is in contact with the blcxxl, especially in those areas where the haemorrhage is 
most recent, the peculiar ciliated or fringed appearance is again noted, and adherent 
to these fringes a red corpuscle may here and there be seen. 

It will be remembered that this appearance is very characteristic of the 
syncytium covering the vesicles in hydatidilbrm mole, and, in my opinion, is a point 
of great importance as demonstrating the intimate connexion between these two 
conditions. 

r.vinp in this protoplasmic suhstiuuc, l uge numbers of nuclei are seen. The 
shape of these vanes according to the ;> 'Sit-on tlicy occupy^ Where tlie svncvtitim 
(as we shall now speak of it) is drawn out into long wavy strands, the nuclei are long, 
spiniilc, or rod-$haped, where a sharp curve is made, the nuclei are correspondingly 
curved or crescentic. In many places, however, the syncytium appears spread out 
into a flattened mass, with branching processes, or by cross section of a strand, oval 
and circular discs are seen, bearing a close resemblance to giant cells. Here the n uclei 
sometimes assume a large si^c, or there may be one or two very large oval nuclei, 
accompanied by several smaller ones. The oval or circular masses often contain a 
group of nuclei closely packed together, atui, as thev arc riKva\ s found lying free in a 
blood space, they resemble in every minute particular, the syncytial buds which arc 
seen not only in sections ofhydatidiform mole, but also in normal villi, and even more 
markedly in the early stages of the development of the chorion. 

The nuclei of these giant ceils are rich in chromatin, and, therefore, stain deeply 
with haematoxylin and with the aniline dyes, they shew numerous granules and fre- 
quently a well-defined nucleolus. 

Separated from the blood spaces by a thin layer of syticytuim are seen the 
other variety of cells. These arc so densely packed, that m very tew places any 
definite cell can be made out. Where this is visible the cell appears oval or round, 
its protoplasm is not quite so granular as that of the syncytium, and does not stain 
as deeply. 

The nuclei are pale and trans|>arent, and contain one or more nucleoli in 
almost all cases. When a number of granules are present, they are arranged at the 
periphery of the nucleus, leaving the centre clear and transprtrt- nt. Nuclear varunlrs 
are also seen here and there. These cells are scarcely ever seen isolated, but are 
massed together in dense columns, and it is most interesting to observe that these 
ceils do not come into actual contact with the blood, but are separated ^om it on all 
sides by a layer of syncytium (see Figs. 15 and 16, Plates XII and XI). 

As the tumour approaches the muscular wall, there are evidences that this is 
the growing edge. The haemorrhsges are more recen^ and the celts take on the 
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stain more accurately. There is no sharp line of demarcation between the hcalthj 
tissues and the invading cells, though it would appear from the uniform thicknenof 
the muscuhr wall that the procen of infiltration wa proceeding with unifono 
rapidity. Masses of cells are seen making their way in between the muscular fibres, 
and at this point the involvement of the maternal blood vessels is seen. As shewn 
in the illustration, the cells approach the wall, penetrate into the lumen of the bhxnJ 
vessel, thence tn he carried hv the Hood stream to some distant part of the l>ody. 

Sections ot the secondary deposits in the lung bhcw precisely the san^t 
structures as those found in the uterine tumour, so that it is unnecessary to recapitulate 
the description, it is, however, noticed that the nodule is more necrotic, the central 
part bang composed almost entirely of blood dot and disintegrating tumour masses, 
S3 that the typical syncytial strands and the oval cells are seen most abundantly at 
the periphery, where they form a kind of investing membrane. The cells may be 
traced penetratu^g into the haemorrhagic area, dther as fine strands, or as broader 
flattened masses. 

The protoplasm ot the syncytium is more vacuolated than that of the primary 
tissue, and it appears in places as though these vacuoles had been formed by the 
dropping out or absorption of a nudeus. Intense leucocytic exudation is here also 
a marked feiture. 

In the immediate neighbourhood of the nodules, the lung tissue seen to be 
in a state of congestion. The alveoli are choked with exudation, and the walls are 
thickcncfl .iTu! inflnmed. A bronchus close by also shews inflammatory changes, with 

secretion ot nuicus. 

From the consideration of these two cases, which, although differing some- 
what as regards the clinical course, agree in that the pathological elements found in 
each are identical, it is argued that this condition is one of true cardnoma, arising in 

the chorionic epithelium, ami parasitic on the maternal organism. 

As shewn in the earlier part of this paper, the epithelium covering a 'nllus is 
a strictly foetal structure, heitig the remains of the trophoblast, and further, that 
according' to tfuir position relative to the villus and the maternal blood, the celU 
assume either a riattencd plusmodiat form, the syncytium, or retain their primary 
cuUcal or polyhedral shape, the so-called zellschicht of Lahohans. 

Taking this view, the difficulty experienced by so m^ny observers^, in assigning 
a separate origin for the two variel^ of cells found in this condition, vanishes. It t» 
evident that, as in the early villus, the pressure of the blood, and possibly some chemi- 
cal action of its plasma, can convert the poly^^nni! cells of the trophoblast into a flat- 
tjned condensed mass of syncytium, so, later in its history, the blood laden with some 
toxic element, can so act on the chorionic epithelium undergoing malignant prolitcra- 
tion, as to cause condensation and formation of syncj tial masses in precisely the same 
way. 
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Fig. II 

Utcru*> nilli Chorion Circinoma 
(Mrs. B.) 
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Uterus iipcn Irom bcliinJ 
(ChorUin Carciiioin.i) 
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Fig. 15 

Section ot Chorion Carcinoma. 
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It would appear from all the sections I have examined, that it is essci\t;al, both 
for the normal growth and malignant proliferation of the syncytium, that it be in 
immediate contact with maternal blood. 

As shewn by Petiks in his specimen, the trophoblast was intersected by blood 
spaces, communicating with the maternal sinuses, and on following the syncytium 
through all the stages of its existence, it is seen to be Sttrroimded by maternal blood, 
nor nnlv normally in the placenta, hut also in vesicular mole. Naturallv, onr would 
expect t(i hrui the "^ume conditions existing in the malicfnant deec tit ration of r lie L lionon, 
and they do, tor in every place where syncytium is found, blood is also found in the 
immediate vicinity, not only in the primary focus, but also most markedly in the 
secondary deposits. 

The presence of the smaller more discrete cells of Langhams appears to 

be by no means constant. Whether this is due to the uneven rate of growth or 
to the variations in the general blood pressure is uncertain, but it is interesting to 
note that ;a a number of the recorded cases, only one variety of cell is mentioned 
as composing the growth, and that invariably the syncytium. 

This is another argument in favour of both cells having a common origin 
in the trophoblast, seeing that, at any stage of its existence, the latter may be con- 
verted into syncytial masses. 

Through the kindness of Dr. Humb, of Baltimore, I have had the privilege 
of studying sections of Whitmdob Williams' specitnen, and have found it to agree, 
both in the primary and secondary growths, with the appearances described in my 
second case. 

The first case supplies its own proof, since the connexion of tlu- ik generated 
villi with the malignant tissue is actually observed under the microscope, the two 
varieties of cells being seen in sUu not only attached to the villus, but pene* 
ttaiing &r and wide into the muscular coat and blood vessels of the uterus. 

It has been allowed by all those who have hitherto disbelieved in the foetal 
origin of this disease that, if it ran be shewn that the elements comprising the 
tumour are chnrinnic, the rrquircii proof will Ik* found in the study of vesicular 
mole. It is oa these lines that I have tried to trace the life history of these cells, 
fiom the trophoblast of the ovum in its earliest stages to its later development, as seen 
in a folly-^formed villus and in the benign and malignant growths found in vesicular 
mole and chorion carcinoma respectively. 

It has been objected by many English and American writers, that this 
condition should be regarded as a nqpidly-growing sarcoma, deveiopved during 
pregnancy, and shewing unusual changes due to the genetic influence of that 
state. 

While q^uitc prepared to admit that such .sarcomata may exist, and shew 

diaracieristic changes due to the influence of pregnancy, it has stitl to be proved 
w 
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that the immjr cases described as ' Deddttonw Malignum * really do belong to thst 
class, especially when the micrcMCOpic findings, as shewn by pho(o-niicrographs» 
etc., shew structures which are obvioasly of foetal or^in. 

One observer alone suggested that the tumour arises ircNti foetal connective 

tissue. 

GoTTSCHALK, in record; iin; a case where the disease developed after an abortion 
at the sixth week, described the coiulition as a sarcoma of the stroma ot chorionic 
inllL The plasmodial layers, although seen to be in an active state of prolifera- 
tion, budding not only into surrounding tissues but also into neighbouring blood 
vessels, he regards as unaltered by disease, and maintains that the malignant 
change affects the connective tissue of the stroma only. 

In the light of our present kno«4edge, this exfdanadon falls to the ground, 
5;inre n malin^nnrtt growth of the Stroma could not give rise to proliferation and 
metastasis ot the syiuvtium. 

Marchani) believes this condition to be a carcinoma ot structures aiising from 
the foetal ectoderm, and WHiraiDGs Wiluam.% although leaving the origin of the 
polymorphous cells an open question, regards the syncytial masses found in h» 
specimen as arising from chorionic villi, and, therefore, of foetal origin. 

In conclusion, I may add that Vikcmow made an invduable discovery when 
he found that every tumour had a phvsiologii al prototype, a statement that may 
well lie applied to the disease we have described, since chorionic eletneius are found 
normally during the j>criod of pregnancy in close connexion with the maternal 
tissue, and have been shewn by recent observers to have the power of reaching 
distant parts of the body, without producing any untoward results. 
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ON A CHARACTERISTIC ORGANISM ASSOCIATED 
WIIH CANCER OF THE BREAST 

Bv KEITH W. MOXSARRAT, F.R.C.S.E. 

>UBCi.oN T» TMi NoiiTiiiKK MosriTJu, uTorom. 

IN' this paper an acooutlt is given of certain researches, part of a aeries conducted 
during the last five years on the subject of carcinoma. These researches have 
been confined to one clinical type of cancer, that afFccting the female breast. 
Although it is possible that the cause ot cancer is universally "ne and the <?ame, 
arguments to the contrary can be adduced, and research is simplitied by narrowing 
its limits. The (bllowing are the subdivinons of the paper : — 

1. Pk-eviously reported research. 

2. The method of examining the growdis. 

3. The morphology of the organism isolated. 

4. The histology of the growths eicamined sjid the culture results obtained 

from each. 

5. Commentary. 

I. PREVIOUSLY REPORTED RESEARCH 

In a paper read before the Royal Society on December 14, 1899, an account 
was given of certain organisms isolated fmm carcinomata of the breast and uterus. 

They were classed as blastomycetes. They were isolated on glucose agar ; other 
media were employed, but growth occurred on the glucose agar medium alone. 
Subcultures were obtained on wort agar and potato, and in wort bouillon and 
neutral bouillon, and their characteristics described. A speciaj metiiod of staining 
the organism in the tissues was described, and its morphological characters 
summarized as follows : — * Fresh spedmens from cultures are spherical, from ibur 
to ten microns in diameter, and in mott cases take an aniline diroma^n st»n 
diffusely. There is, however, a great variety in the distribution of the chromatin ; 

it is sometimes aggregated to one pole, sometimes divided up at different parts 
of the cell, and in other cases it is represented by a few isolated granules. The 
capsule is delicate. Multiplication in cultures takes place by buddmg. 

* In the primary growths produced by intraperitoneal inoculation of the 
organism, the latter is also in most cases spherical, possesses a delicate capsule, 
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and multiplies by budding. Two peculiarities are, however, to He «;een : firsriv, 
in many ca«!es delicate prnce';<;es connect adj-ucnt specimens ot the organism; 
secondly, the capsule is often thickened and forms a kind of ' halo ' round the central 
deeply-staining body of the cell. 

*In the nodules In lungs, liver, spleen, and kidneys, which are Mcondu; 
to the growths in the peritoneum, in addition to the forms already described, spore- 
bearing forms are found. In these the capsttle of the cell is much thiclcened, tin 
chromatin nf the cdls breaks Uf» irregularly, and portions are allowed to esape 
throupfi til. hiscences in the capsule. There is no regularity in the process, no 
bunultaucous iliVij.:on nt the cell contents into a definite number ni spore-, vtu 
no simultaneous shevUiing of the same. The spores are without capsule whci 
shed, and are irregular in contour. They stain deeply with chromatin stains, anJ 
are finely granular.' 

II. THE METHOD OF EX.AMINING THE GROWTHS 

The nimours, the examination of which is described in this paper, are seven 
in number, in regard to Nos. i atid 6, I was not present at the nperafion, but tb 
tunmur was in my hands within an hour and within two hours, respectively, attcr 
removal, and was conveyed from the operating theatre to the laboratory in sterile 
coverings. With regard to the other tumours, I either removed them myself or ws 
fMfvsent at the operation. Immediately after removal, «ach was wrapped in siertle 
gauze, outside of which was placed one or more sterile towds. 1 then brought it to 
the laboratory, and, after sterilizing my hands and instrument^;, I removed the covcr- 
iniis so as to expose the deep surface of the mass ; the skin surface remained dossw- 
wards in contact with the sterile tnverin^s. With a knife or spatula heated in the 
flame liic surtace was then scared, ami incisions made into the tumour. SnioL' 
portions were then removed and immersed in the fluid mecfia or rubbed over the 
sur^e of the solid media. Scrapings of the cut surfaces were also teiken with tiie 
platinum loop and inseminated in the same manner. 

With regard to the examination of the animals inoculated : immediately aher 
being k lled nr as soon as possible aftc" >!c itti, the alxlomen was shaved and scrubbeJ 
tor some minutes with Ivsol (4 per cent.) Flu peritoneal cavitv was then opcncJ, 
and either the whole or parts of the organs afl'ected removed and placed in sterile 
petri dishes. The surfaces of the oi^tts were then seared with the heated spatuh, 
and incisions made into the lesions. From the latter, pieces or scrapings weie i*- 
moved and inseminated. All manipulations were carried out as rapidly as possible. 
The tubes were in all tases incubated at 37°C. 

I have employed the following media : — nutrient broth, nutrient agar, milk, 
clucose broth (4 percent.), glucose agar (i per cent.), lactose agar (i per cent.), ascitic 
fluid, ascitic fluid broth, ascitic fluid agar, ascitic fluid glucose broth, human blooi 
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serum, human serum with '2 per cent, glucose, and a medium prepared from car- 
cinoma material with 2 per cent, peptone added. 

In three of the four cases in which posirive results were obtained, I used 
glucose broth, glucose agar, and milk alone. In one case, the organism ilevelopcd 
in ordinary nutrient broth. These are the only media in which growth occurred. 

UI. THE MORPHOLOGY OF THE ORGANISM ISOLATED. 

The following description is based upon the study of the organism (</) in 
the primary cultures obtained ^om the tumours, and in subcultures from these, 
(l>) in the cultures obtained from the lesions produced in animals, and in sub- 
cultures from these. 

In the chapter which follows this, I shall describe in what way, and by the use 
of what methods the various types of the organism have been found associated with 
the several growths and animal lesions. 

For the sake of clearness in description, the forms under which the organism 
occurs in cultures are here divided into two main t}-pes, A and B. These ty^Ks are 
directly related, and are merely two phases in the life history of the organism. Their 
separation is artificial, and based only on morphoI<^cal grounds. It is also for the ^ 
sake of clearness and simplicity in description that t lirst take type A, a form of the 
ortranism which docs not appear in the cultures isolated in the first instance from the 
tumours, and secondly, describe type B, which is the form which occurs in these 
cultures. 

The following is the order of description : — : 
t. The morphology of type A. 

2. The method of reproduction of type A. 

3. The morphology and development (if ty[>e B. 

4. The macroscopic appearances of the cultures. 

I, The Morphology of Type A 

The following description is derived entirely from fresh undried specimens, 
unmounted. Cultures on solid media are prepared by placing a drop of water on 
the slide, giving this a slight tinge with the stain employed, and placing in the 
drop a particle of the culture. In the case of fluid cultures, a loopful is taken and 
%htly cdoured. A cover glass is then placed on the drop, and the specimen 
examined immtnliatt K , Dried preparatiofis give in most cases w!i;it liavt been 
as^^crt.i iitd to be quite unnatural appearances, and to some of these reference will be 
tnadc later. 

(«) S/inpe. living specimens are spherical, oval, and lemon-shaped ; in old 
cultures are found crenated forms and other irregular types. Actively-growing 
fin-ms in young cultures are all spherical. 

X 
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(if) Size. The size varies between 4M and 8^ in diameter. In certain 
cultures there are specimens larger than this (circa iqm) ; such forms occur in old 

cultures and in cultures which are degenerate and showing no tendency to develop. 
Many o£ these large forms are ruptured, and are in reali^ l)ut empty capsules. 

The maximum and minimum diameters given, 4m and Sm» represent the limits 
of the si/c ot the type in health} recent cultures. 

((■) Struiiure. There are two chief varieties of type A present in all cultures in 
varying proportions. 

The following descriptions are of cultures all stained with methylene blue* 
(Plate Xni» Figs, i and 2) :~ 

Variety I. The org-anism possesses a capsule which is very delicate in most 
specimens, but in older cultures it is denser and fiDssrssc'^ a vituiMe cnntoiir. Within 
this is a ddicnte cell network and nucleus, both oi which arc with vi:fH(.u!rv ni.uic 
out. The whole cell either remains colourless or takes a diffuse pale rose colour, 
and neither cell network nor nucleus are chromatophylous. 

In the majorii) oi specimens are one or more highly retractile granules. They 
usually take no stain, but occasionally take a dense blue. 

These granules in young cells are scattered in difl^rent parts of the interior, 
but in other cells are collected into a spherical or oval mass, situated in the centre or 
slightly eccentrically. 

In these cells, with central mass of granule^, no cell network outside this mass 
can be seen, nor a nucleus distinct from it. Vacuoles are seen in many of the cells, 
especially in older cultures ; occa^onally these contain a retractile granule, cither 
motionless or exhibiting active 'dancing' movements. 

Variety t. This variety shews a definite capsule of varying density. Within 
this is a mass of finely granular protoplasm which takes an intense I^lue colour. This 
intensely coloured protoplasm may either completely fill the interior of the cell or 
may present itself a spherical ma'^s, with .in uncoloured rinp; of apparently structure- 
less protoplasjn between it and the capsule. At or about the centre of this granular 
chromatophylous protoplasm a nucleus can be distinguished. 

As already stated, both these varieties are tb be seen in all cultures. 

In young glucose agar cultures variety i is almost exclusively seen, specimens 
of variety 2 arc few in number. In young glucose broth cultures the two varieties occur 
about equally in number. In glucose broth cultures, four daysold and onward, variety 2 
is the more common ; in such l ultiir.-s there is always a sediment, and in this sedi- 
ment growth variety 2 predonunatcs to a greater extent than in the suspended part 
of the culture. 

If dried coverslip prcp.irations of the organism are made and stained, certain 
peculiar appearances are obtained. In the process of drying, the organisms 

* Methylene Blur, 4 |niiH BiMrb., 1 ginu., Wit<r, 406 cc. 
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run together in dumps, and are fiiceted against each other. The protoplasm of the 
interior shrinks away from the capsule and presents various irregularities of shape. 

2. Method of Reproduction of Tvpe A 

Both of the above described varieties exhibit a method of nuilriplicntion by 
budding (Plate XII!, Kig. i). hi the c;ise of variety i, the method is as follows: —The 
bud appears first as a slight bulging of the capsule ; this gradually becomes more 
distinct i the interior of this projection appears to be homogeneous in structure. As 
it develops it assumes a spherical contour, and its capsule is derived from the 
unbroken capsule of the parent. When near to full formation an intracellular net- 
work is to be distinguished, and when the parent cell possesses scattered refractile 
t^ranules, one or more usually ap;"^nr in the bud. I have not beet; able tn distinguish 
:?'n' process ot karyokinesis ot the parent cell nucleus. Separation ot the bud goes 
oil gradually ; it may be delayed until a series of three or more is formed. When 
young cultures are kept at the room temperature these chains are not formed, but 
single daughter cells are produced and separate off ; if such cultures are incubated at 
37° C. the process is active, and a single parent cell may exhibit two or more buds, 
forming simultaneously in different stages towards separation. In the description of 
variety i, it was stated that in older cultures many of the cells shewed nn aggrc^ntion 
ot retractile and deep blue staisieii trraiiules at the centre ; this type ot cell rarely 
shows bud developiTient, hut in Inuls proLiuieil from these eells there is a gradual 
division of this nucleus-like granular msiss which progresses with the l^orniation of 
the bud ; a portion eventually becomes completely separated off and passes into the 
bud. In the case of varie^ 2, the bud produced may possess either characters 
similar to those of the parent, or the characteristics of variety 1. In the latter event, 
the process of formation is similar to that just described, except that the capsule of 
the bud is not simply derived by distension from the complete capsule of the parent ; 
the outer layers of the capsule ot the paretit cell are ruptured, and the b'jd projected 
out with a covering derived only from the inner layer or layers. When this variety 
2 produces a bud resembling it!»elf the proce^ is essentially similar to the budding 
of variety i. The interior of the bud is granular, and takes a deep blue colour, and 
it may derive its capsule from the whole or from part only of the parent cdl capsule ; 
in many cases the latter is so delicate that it can be distinguished only with difficulty. 

ZA. On a CLKIAl.N I'ROChSS OllsLXVEO IN GttXOSt BroT.T CuLTURES OK TvPE A 

When a fresh glucose broth culture of A is made by inseminating u partik.le 
of glucose agar culture, after twenty-four hours' incubation there arc present torms 
which exhibit the following process : — At a angle point in the capsule there is to be 
seen a minute dehiscence or micropyle, and through this the granular contents of 
the cell are being jwotruded. The cells which shew this process possess a well-^marked 
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and sometimes dense capsule, and the interior structure is of that form, in irhich th<rc 
is a central or somewhat eccentric mass of aggrcf^rafal granules (Plate XIII, Fig. 3). 

The protnulfii mnrrrfiil is rirhrr in the form of discrete spherical granules or 
of very delicate tibnll.ir m ttenal, m which granules are t ur uii^leJ. The cr<?nules thus 
discharged may be eriher deeply stained blue, when methylene blue is used, or 
may be uncoloured and highly refiracdle. The micropyle is distinctly seen as a minute 
channel, on the one hand, continuous with the central granular interior of the cell, 
and on the other, with the exterior through a stoma on the sur&ce. The cells exhibiting 
this process are, many of them, ptar-shape.l, being somewhat distorted in the direction 
in which the extrusion is taking place ; the outline of the interior uk; the extrusion 
may be comjxired to the core atid the >^talk <>t the pear. This distortion is not, how- 
e\'(T, coninioti to all ({i'^chnrrjing forms. Tlie efintiiniitv of the exfrudrd granular 
material and the granular material in the centre ot the tell, through the micropyloii, 
is definitely seen. 

If the same culture is examined at the end of forty-eight hours' incubation, 
it is characterized by the latge number of cdls which shew this process of extrusion 
(Vinte XIII, Fig 4). The extnuled material is, in mosl Cases, still attached to the cell 

by its stalk, but there an* also free in the culture smnll m:i«;';es of spherical granules. 
These masses of small spherical granules have t!ic appearance of minute cocci of varv 
ing size, connected together by intercellular fibrillar material. I use the term coccus 
in a descriptive sense only. 

After seventy-two hours* incubation (Plate XIII, Fig. 4}, there is present in ttie 
culture an increased amount of this small coccus-like growth ; the individual ceUt 
of this are spherical, and take a i!eep hKic colouration with methylene blue. The 
large cells from which extrusion has taken place are much vacuolated and without 
granules. The free gi^nules occur singly, in pairs, and in groups, and shew a laiger 
average size than those in the earlier cultures. 

1 have examined many of these glucose broth cultures after more prolonged 
incubation, but, except in two instances, have been unable to determine any further 
development of this growth of small spherical granules. When such cultures are 
plated on glucose a^r colonies of A develop after three or more dajrs, according to 
the age of the culture, but, with the exception of the two occasions which 1 have 
iu"^t mentioned, no colonies of anv other tvpe. On thesr two occnsions the'^e 
multiplied in the ulucose broth cultures of A an organism of a type nuu h sniallcr 
than the A specimens, spherical and oval in shape, and from to 31* m 
diameter ; these organisms were abundant in the cultures, and when plated on ^uoose 
agar developed as separate colonies ahcr twenty-four hours* incubation at 37* C. 

Exampie i. Glucose broth culture inoculated May 16 ; plated June i on 
glucose agar ; colonies of the small type alone developed ; microscopically in the 
glucose broth both the small type and the A type were seen, the former abundant 
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Example 2. Glucoise' broth culture inoculated May 31 ; plated June 22 on 
glucose af^r ; colonies of Ijioth small type and of the A ^pe developed. Micro- 
scopically tlu glucose broth culture shows the presence of both types, the small 
type being abundant. 

These are the only two cxampilcs, as I have already stated, of the separation 
of a small cell type of organism from cultures of tvpc A. On the other h:ind, I have 
had many examples of the development of a similar small cell type when cultures ot 
A arc inoculated into animals. 

I take one example of this from my previous paper : — 

1. Guinea-pig inoculated intniperitoneally with organism of A type. Pbsf- 
mortem lesions found in peritoneum, spleen, liver, lungs, and kidney. In these lesions 
groups of organisms arc seen, which consist of A forms surrounded by a small type 
of nrganism in large numbers. Such a group is shown in the photograph (Fig. 2, 
Plate XIV). 

The following examples arc from the present series of observations : — 

2. Guinea-pig inoculated, April t), (900, with pure culture of A. Killed 
April 24. From the lesions a small cell type of organism isolated in pure 
culture. 

3. Guinea-pig inoculated, February 6, 1903, with pure culture of A. Killed 
February 17. From the lesions a small cdl type of oi^nism isolated in pure 
culture. 

4. Guinea-pig inoculated, Febrtiary 10, 1903, with glucose broth culture of 
A. Killed March 6. From the lemons, colonies both of A «nd of a small cell 
type separated. 

5. Guinea-pig inoculated, June 4, 1903, with glucose broth culture of A. 
Killed June 12. Krom the lesions glucose broth cultures show a few A forms, but 
the greater amount ot the growth consists of a small cell type. These cultures were 
plated, and colonies of the latter alone developed. 

6. Guinea-pig inoculated, June 4, 1 903. Killed June 16. From the lesions 
glucose broth cultures were recovered, which showed, microscopically, both A forms 
and a small cell type form. Glucose agar plates show numerous colonies of the latter 
after twen ty-four hours' incubation at 37** C. After forty-eight hours a few A colonics 
also developed. 

This small cell type of orrninism, thus isoLitcd in two instances from cultures 
of A in vitro, and in many insta:Kcs troni the lesions produced hy the inoculation of 
A, shows constant morphological characteristics, and a mode ot lurthcr development 
ttdifbrm in all cases. 

// is an orgauum identical with tUs in type and tbaracteristics that I have isolated 
fim the utmurs examitud. 
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The drCttmsttinces attemling its development in cultures directly derived from 
the carcinomatous tumours will be given in detail in the following chapter ; although, 
as will be seen, in one of the cases A forms were nlsn pre'!cnr in smnll numbers in 
the primary cultures nbrnincii trniii the tumours, this small cell type, uliuh I shall 
in future call type ii, is the type to be associated with these primary cultures, and 
type A usually appears later as a result of die inoculation of type B into aninoals. 

I have said that I have isolated the suiall cell type under three difierent sets 
of circumstances : — 

1. From cultures of A in vitro. 

2. From animal lesions produced by the inoculation of A. 

3. Direct from the c;ircinomat<ms growths. 

The characters of the gr jwth being similar under all these circumstajices, the 
following description ot type B is common : — 

3. Thb Morpholocy and DevsLorMKNT OP Tvps B 

Cultures examined microacofncally in the fresh state show an organism for the 
most part spherical in form ; there are^ however, present, especially in primary 
cultures from the growth"^, other shapes, i.e ., ova! atui cluh-sh.iped fnrms. The size 
of the spherical forms vanes from th.it of an extremely miiuite yr.uiule to nn organism 
3/* to 4M in diameter. Ihc cultures ail show m. irked viscidity, and the 
oi^ganisms are seen microscopically in masses and dumps, with a large amount of 
intercellular material connecting them. When stained with methylene blue these 
masses have a very characteristic appearance ; the dark blue oiganisms stand out ia 
a field of intercellular fibrillar material, which takes a reddish to red purple colour. 
The oval and club-shaped forms occur indiscriminately nnu-mg the spherical fnrms in 
the clumps ; they are more markeii in some than in other cases. If cultures of B 
procured from cither of the abovementioned sources are studied in subcultures, it is 
seen that the average size of the organisms tends to become slightly smaller and more 
uniform, and the oval and club-shaped forms disappear. 

When inoculated into animals, type B usually under^;;oes Important modi6ca- 
tion. Cultures which have not been carried through more than two or three 
subcultures in vitro are pathogenic to guinea-pigs and dogs, and produce in these 
definite lesions ; cultures which have passed through several generations lose patho- 
genic activity, ami this loss of pathfi^rnicitv occurs especially early in the rasr of the 
cultures der;ved liirectiv from the carcinomatous tumours, in labbiih 1 fiavc not 
observed the development of any definite lesions after intraperitoneal inoculation of 
B, but when cultures are inoculated intravenously the organisms can be again recovered 
from the blood in a form which shows modification from the type injected. 

B has, therefore, been studied as recovered from the lesions produced in 
guinea-pigs and dogs, and from the blood of rabbits inoculated intravenously. The 
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changes which it has shown have varied acconlingf to the circumstances attending its 
inoculation, and the following examples are illustrative : — 

1. Guinea-[Ng inoculated intiaperitonealty with B culture from a carcinoma 
on FelmMn' 6, 1903 ; cultures recovered February 16, showing an organism of larger 
average sir.r than that innculafcd and with a greater varictv of shape (Fig. 4, Plate XH'), 
the <sh:iyics noteti l)c'n[^ sphcrual, ovai, oblatc-sphcroid, club-shaped, and forttis of 
great length, with club-shaped extremities ; some of the large spherical forms arc as 
large as the specimens seen in cultures of A. 

2. Guinea-pig inoculated, April 6, 1903, with B culture from carcinoma. 
Killed May 4. Organism recovered of larger average size than that inoculated^ and 
shews a mycelium-Hfe development. This culture was inoculated intravenously into 
a rabbit on June 2, and recovered from the blood on June 5 by introducing '5 c.c. of 
blood \n 2 c.c. glucose broth, in these cultures the mycelial growth was marked, 
the individual orrranisms forming the mycelium were of large averat^e size, and the 
largest shewed the characteristics of type A. A was not, however, isolated as a 
separate growth from the cultures. 

3. Guinea-pig inoculated, November 27, 1902, with culture fiom carcinoma 
of type Bb Killed January f, 1903. From the lenons there were recovered cultures, 
which consisted in part of type 6 of latter average size than in the injected culture, 
but also abundant growth of typical type A forms. From these cultures both 
B colonies and A colonics were isolateti nn (jkuose agar piates (Fig. 2, Plate XIV). 

The changes which have been observed in the two types A and B, at>d the 
rdations between the two types, in so lar as they have been traced, may be diagram- 
matically shewn. 

A 




I. A type. 1. (i) Intermediaie form from which Bderciups. 3. B type, and 4B. 
B M modilied ht AiUnMla. 5. Form reaewbliiv A, bma in 4 aad 4A cultural. 
M. Budding form. 3^. Bud Mparatcd, which resembles 5. 

In regard to this diagram there are two stages shewn which require comment^ 
2 and 4 (a and a). To take the latter first, it has not been shewn tliat B in its 
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evolution towards A, must necessarily pass through the forms which are shewn as 4A and 
4B ; it may be that the mycelium-like growth and the diverse forms of 4A are rather 
involution-like forms of B than an e«^senti:?! stapc \n its (development. With regard 
to stage 2, I have been una'ulc to the present, to JcuJc it u th certainty- In the 
description of type A, a process has been given in detail, which is to be observed in 
glucoae broth cultures, which results in the extrusion of minute gmnular forms irom 
the A forms. As has been already stated, this granule growth has not been seen in 
these cultures to develop to more than a very limited extent, and in the great majority 
of cases, no colonies develop, except colonies of A, when such cultures are plated. 
The two exceptions have also been relatt li. Under the circumstances, I am not able 
to state that this process of dehiscence ami t \tru<ion is a real phase in the life histor}' 
of the organism, and the question must lie left tor further study. 

In my previous paper I described a process of sporulation to which I have 
referred in Chapter I of this paper, in the series of observations which 1 am now 
reporting I have not seen this process with the same clearness, but the process of 
dehiscence and g' .n ii\ extrusion resembles it, though it does not reproduce all its 
characteristics. Therefore, although there is evidence pointing to the fact that stage 
two is representcil bv a spore-producing form, vet for the present this is inconcliisivf. 
In the last place, I wish to reter back to the statement ahme, that the cultures ot 
type B which obtained from the tumours are identical in character with those of type 
B obtained from the lesions produced in animals by the inoculation of type A. This 
statement is based on the facts (i) that the naked ^e appearances of the cultures on 
the ordinary media are alike ; (2) that microscopically they possess the following 
characters in common : -The specimens are very variable in size in single cultures; 
the groups show marked polymorphism and m:!nv drfferent shapes ; this {loly- 
morphisni is n^nst t^nirkt-d in first cultures trorn Jic tiiiinuirs or .uum.il le-^ioiis, and 
in subcultures there is a species of reversion to a bphencal organism which varies 
chiefly in the size of the specimens ; myceliums-like growth develop* in each case 
under certain circumstances. 

4. Macroscopic Appearance of thk Cultures 

TvpE A 

Cilticn'f iigtir. In twenty-four hours abundant white growth along the needle 
track nn slo; i l! nu\!i.i ; lucomes heaped up along this track, and develops a yellowish 
and later a veilowish-l>rown colour. 

Qlucosi geiuune. Slow, but abundant, ticvelopmeni of dense white growth 
along the needle track and on the surface of stab cultures. No gas formation in the 
medium. 

P9tat9. Yellowish-white abundant growth, develops as a broad heaped-up 
streak with crimped edges. 
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Natrient agar, Scantjr white growth in stroke culture*, becoming slightly 
yellow in old cultures. 

Nttirieut htth. Slow development of growth, which first appears after three 
days as a slight sediment. 

Glucose broth. Abundant growth after twent}'-four hours' incubation, partly 
as sediment and partly suspended. Older cultures, three days, shew plentiful 
sediment growth, with supernatant fluid almost clear. 

TvpE B 

Glucose tig'ir. Grows as a whitish-yellow translucent streak along needle 
track, on sloped medium, with discrete spherical colonics alongside streak in some 
cases. CiiUurc is extremely viscid, and, in some cases, can be peeled off the surface 
Ukc a membrane. 

Giluose gelti/ine. In stroke cultures grows as a pearly-white streak ; in stab 
cultures a feather^ike growth along the needle track. No gas formation. Culture visdd. 

i^/it/v. Whitish-yellow ribbon-like growth ; very visdd. 
Glucose tn^* In most cases grows readily ; in twenty-four hours, at 37^ C, 
causes a general cloudiness in the medium ; after three days there is also slight 

sedin'icnt tn-owth. 

Both types ot (irguiusni wire kultivated in a 2 per cent, solution of glucose 
in ordinary tap-water. 1 y^'X-' A lievclopcd readily, type K scantily. In neither case 
did alcoholic fermentation take place. 

IV. THE HISTOLOGY OF THE GROWTHS EXAMINED AND 
THE CULTURE RESULTS OBTAINED FROM EACH 

I. On April 5, 1900, a tumour from the breast of a young woman was kindly 
sent to me by Mr. F. T. Paul. Sections showed a highly cellular cardnomatous 
growth ; the cells of large size in masses and columns ; there was very little fibrous 
over-growth between the cell masses. 

The tLinii'u: w.is examined in the ni.iiitu i .iescribed in Chapter 11 ; the media 
employed were oniinary nutrient broth and tiutrieiit agar. After three days' incuba- 
tion, slight sedimental growth was seen in two of the nutrient broth tubes. This 
consisted of organisms with the following characters : groups and masses of spherical 
forms with a fine intercellular fiiintly staining fibrillar material between the individual 
specimens ; the latter varied in size from that of an exceedingly minute granule to a 
cell with a tliameter of about 4u. In dried coverslip preparations the organisms 
stained readily with methyl violet ; the smaller specimens deeply, the larger less 
intensely. 

Subcultures were taketi from these in glucose broth and nutrient broth and 
on to nutrient agar, glucose agar, blood serum, and nutrient gelatine ; no growth 

V 
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developed on the solid media, but further cultures were obtained in the nutrient 
broth, and to a less extent in the glucose broth. These subcultures were of the 

same type as the primary cultures, except that the size of the organisms did not tsij 
to such an exfent ; the proportion of the minute to the largest specimens in the 
original cultures was abtnit i : i ; in the subcultures aHniit i : R. 

Only one scries of subcultures of the growth was obtained, and the organism 
thus rapidly lost vitality in the media employed. 

Inoculation experiments were made into guinea-pigs and dogs. The histology 
of the lesions thus produced will form the subject of a later communication, and I 
confine myself here to the facts which have to do with the life ot the organism. 

On April q, a guinea-pig was inoculated intraperitoneally with primary broth 
culture, and on May 11, a second was similarly inoculated with subculture from 
this. Both animals were killed, the Jirst on May I, the second 011 June 8 ; in 
both cases nodules were present, distributed generally throughout the peritoneal cavity, 
and in the spleen, liver, lungs, bronchial, and mesenteric glands. From these nodules, 
endeavcurs were made to obtain cultures, and from those in the animal killed on 
May I, cultures grew on glucose agar, but none were obtained from the second animal 
The cultures obt»ned from the first animal were identical in appearance with that 
injected. 

On further iiiici.t)nii ot these cultures, iid lesions resulted In guiiiea-pifrs, and 
a similar negative result was obtained wuh all subcultures of the original culture, with 
the exception mentioned above. 

The nodules on the peritoneal surfaces just described were broken up with 
pestle and mortar in normal saline solution, and injected through a series of animab, 
as shewn in the following table : — 



1, Anil 
cnltUK. Killcii, M.1} 1). 



GviREA-PlC I 

(Inocuhted, April 9. Piiinar> 
cnltUK. 
Nodutcs. 

— 

Guinea-pig. Inaailated,M»7 

u ill) emulsion. Knied,May 

28. Nodulei 

Dog. Inoculated intiapcritone- 
My, KUv s8. Killed, June 

29. Nodyka omentum. 

Spleen and Itver. 

Guinci-pig. Inuculatcdjune29. 
Knuilsion. KiIled,Anga«t8. 
Nodules omentnin. Lii 



GviNIA-PlC s 

(Inocnkled, Mapr 1 1 . rrimary 
cnlrarfc Killed, June 8). 
Nodnks. 



Guine.i-pi^. Inoculated, 

iune 7. Diedfjnne 16. 
III. 



Gainea-pig. Inoculated, Mt^ I, 

with emulsion. KlUcd, Jane 
7. Nodules. 

^ . 

Guinea-pig. Inoculated* 

{vmc7. Diedfjuneio. 
III. 



.•iver. 



spleen. 



I 



Dog. Inoculated in in.itninar}' 
gl.ind, August 8. NodaUat 
in mamma and spleen. 



Digitized by Google 



CHARACTERISTIC ORGANISM ASSOCIATED WITH CANCER 179 



Thus the nodules produced in the guinea-pig inoculated on April 9, 1900, 
and subsequently in another animal on May 1 were transplanted through four other 
animals in series. In each case, attempts were made to recover cultures from these 

nodules, hut unsuccessfully. 

Scrapings from the peritoneal nn iules in guinea-pigs were examined fresh in 
h.iii|rin(;-Jrap prcpar.itions ; there were .seen in these, two tvfXfs of cells wlitch were 
cliiitinguishahle from the connective tissue and blood cells. The one type was of 
large «ze,an average of about $n with distinct capsule, and containing in the interior 
one or more reftactile granules ; the second type was a small spherical organism 
about the size of a minute coccus. 

2. On November 24, 1902, 1 obtained a tumour from the breast of a 
pregnant woman, aget! thirty-three ; she wat five niDnths advanced in precftiancy, 
.md the growth was ot rapit! dfvelopnit. iit. I iic parenchyma of this caiLin :)ina con- 
sisted of large cells with targe oval nuclei, arranged as branching columns in a 
fibrous stroma ; in the interstices of the stroma were numerous infiltrating round 
cells. In parts adjacent to the carcinomatous growth the breast shewed a condition 
of mastitis, the fibrous stroma bdng increased and infiltrated with round cells in 
large numbers, the ducts and alveoli were dilated. The media used in the examina- 
tion of this tumour were milk and glucose broth ; the method of examination was 
that described in Chapter II. Within forty-eio;ht hours there was a g-t-ntTal turbiditv 
in most of the tubes of glucose broth ; microscopic examination shewed this to 
consist of organisms of type B, as dcicribcJ in the preceding chapter, that is to say, 
spherical organisms of very varying size, in masses and groups, with a con»derahle 
amount of filamentous material connecting the individual specimens in the masses. 
Inoculations of these cultures were made into guinea-pigs as fellows — five cultures 
being employed : — 



InocuUtioB 




Kctult 


a. Movcmbcf 27 «•> 


December 30 


Nil 


i. November 27 


jamuay I 


Lesions 


y December 8 (dog) ... 


March 17 


LCMOQS 


f, November 37 


December 30 


Nil 


December 5 


Jatraaiy $ 


Nil 


f. December 5... ... 


J.)nu.iry 5 


Iiesioas 



Thus of five cultures two only produced lesions in guinea-pigs on intra- 
peritoneal injection ; the inoculation of the dog was made into the mamma. 
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From the three animals, cultures were obtained as follows : — 

1. Guinea-pig. Culture types A and B. 

2. Dog. Culture type B. 

3. Guinea-pig. Culture type A. 

The culture marked b in the table above was. further injected into animals as 
follows : — 



Aaimil 


IaMBtalc4 




KmuII 


t. Guinea-pig 


January 36 


Pcbnuiiy 4 


Nil 


2. do. 


Fehruary 6 


February 16 


Lesions 


3. do. 


Feliru.jry 6 




do. 


4. do. 


Ftbruury 6 


F"cbru.Trv 19 


do. 


J. do. 


Fcbniaiy s} 


March 27 


do. 


6. Rjibbit 


Fehnuiy aj 


April 17 


Nil 



From the sninjais, 2, 3, 4. ntul in only one case wetc cultures rt.i.o\crcd, viz., 
number 2. Thes.c presented certain ptculiarities ; there were present organisms of 
type A, also in large numbers, rod-shaped, club-shaped, and ovoid forms (Fig. 4. 
XIV), and thirdly, forms corresponding to type B, A second peculiarity of these cul- 
tures was that in subcultures the organisms belonging to type A disappeared, also the 
involution (r) forms and the growth consisted exclusively of organisms belonging 10 
typeB. 

The incon«;tanrv of the results obtained in the inoculations ot the cultures in 
this case are remarkal^lc. As seen in the second tabic, animals inoculated with the 
same culture, and even on the s;itne day, gave contrary results. The only explanation 
for this inconstancy is the varying suscejnibility of the animals used. 

3. On March 4, 1903, 1 removed the left breast of a woman, aged forty-two* 
The whole breast was intlurateti. Above and to the outer side of the nipple was a nodiik 
the size of a walnut^ ill-defined. The right breast was also indurated and slightly 
tender. On microsroplcnl examinatioti the iioJutc nfcrrcJ tn shewed a carcinomatous 
structure with branching colu-iir-.s ot e[iitlieli;il cclis, the rest ot the bre;ist shewed 
marked hypertrophy of the interstitial tibmiis tissue, wuh masses of intiamiiutor)' 
leucQcydc infiltration. The investigation of the tumour was carried out in the 
manner described in Chapter II. In this case inoculations were made on to dopc<l 
glucose agar alone, by rubbing pieces of the tumour over the sur^cc of the mediuoi. 
Of ten tubes thus inoculated, after forty-eight hours* incubation at 37° C, growth v» 
plentiful in two, scanty but present in the rest. 
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The growth iti all tubes «nm of type B, with the viriations of shape marked, 
the shapes noted were spherical, oval, club-shaped, and spindle-shaped ; the organism 
grew in dumps and masses, and in some of these club-shaped forms were arranged 

in a rosette-like manner. 

The vitality of this organism in suhcultures proved very liniited, and glucose 
broth subcultures were obtained trom one ot the glucose agar cultures alone. These 
subcultures were injected into animals as tbilows : — 



GaMcai'pig siibcntaneoady 


March 9 to March 27 


Nil 


Gtttnea'-pig *ubatt«n«oa4ljr 


March 9 to April a 7 


Nil 


GnineaFpig intmperitooeally 


March 10 to March 13 


hoAoat 


Rabbit intnperitonealljr 


March a} to April a8 


Nil 


Guinea-pig intmperitOQtdljr 


April 6 to May 4 


LeiioiM 



Thus of two guinea^^gs inoculated into the peritoneal cavity, one, inoculated 
with a culture five dajrs old, died in three days ; the second, inoculated with a 
culture thirty-three dasrs old, was killed twenty-cig^t days later. 

On examination of the first^ general peritonitis was found with yellowish-white 
nodules in the spleen and liver ; on examination of the second, similar ycllowish- 
\\hite noiiules were found sn hver ami spleen, hut no peritonitis. Cultures were 
recovered from both these animals ; those recovered from the first rci.enibled the 
inoculated culture, but the club-shaped forms were more numerous, and, except that 
the average size was smaller, it was also similar to the cultures described on p. 175 
recovered in case 2 from the peritoneum of a guinea-pig. 

The cultures recovered from the second of the guinea-pigs was of type B as 
described. 

In the case of the fift rinimal, the cultures recovered were of extremely low 
vitality, ami turther propagation was not possible, while those from the second 
animal grew readily. It was, therefore, possible to follow certain morphological 
changes which took place in these subcultures. Those on glucose agar were of the 
tattott B type, but those in glucose broth developed a myoeliunt-like growth of inter- 
lacing branches, tlie branches being composed of individual organisms of shaped 
ovoid, spherical and obiate, jointed together ; this mycelial growth is described in 
Chapter 1 II, p. 175, and the separation off of spherical forms resembling type A is 
there noted. 

4. On March 30, 1903, the patient above referred to as case 2, was again 
operated on for a recurrence of the growth. From the material removed, inoculations 
were made in the usual manner on glucose agar and into glucose broth. Growth 
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occurred in all tubes. The cultures were examined in the fresh state ; they comistcd 

in all cases of growth of type B. As in the previous cases the growth shewed {a) the 
typical variations in shape, (F) the typical variations in size ; the variations in shape 
were cluh- shape, spherical, oval, lemnn-«hape ; the variations in size ranged from an 
extrenicl)' [iiiruite spherical organism to club-shaped forms, 5 m in Icng h. Thcorgan- 
ism grew in clumps and masses. In the glucose broth cultures there were, however, 
oijganisms of t}-pc A, in smdl numbers ; they exacdy corresponded to variety i of type 
A, as described in Chapter III. 

From these cultures no subcultures were obtained ; primary cultures irat 
injected into two guinea-pigs ; one of these was killed by mistake three days after 
inoculation, when nothing abnormal was fnuni! ; the nrhrr was inoculatrd iMrraperifoiit- 
ally, April 6, iiiui killed im May 13 ; nodules were found in the spleen, but theattcm[it 
to obtain cultures from these tailed. 

In additk»i to these four cases, three others were examined culturally in tlie 
usual manner ; in one case, the cultures were contaminated with an organism appar- 
ently staphylococcus epidermidis albus ; in the other two cases, no cultures were 
obtained. 

V. COMMENTARY 

In the four cases recounted the cultures isobteil had the following charac- 
teristictics in common : — 

1. The variation* in size. 

2. The variations in form. 

3. The appearance during culture or inoculation of a certain 

characteristic form described as A. 

4. The macroscopic ap|icaraticf nf the CUltUreS. 

5. The p;ithiim.-Mic c'lcct on mitnals. 

In case 1, the A torms were seen only in hanging-drop preparations trom 
scrapings of the nodules; on the appearances seen in such scrapings not nodi 
reliance can be placed, and it is only by comparing drawings of the A forms observed 
in this case with the appearance of A isolated in cultures in the other cases that 1 
was able to decide their presence with confidence. Many very peculiar forms are to 
he seen in such :craping«, nfni certa'n types of A arc sometimes closely simulated by 
rtd blood-cells, leitcoc\ tcs, fat globules, and nuclei ai cjntliclial cells. The examiiia- 
tioii of scrapings from normal tissues, lymphatic glands, spleen, and breast tissue, has 
convinced me that deductions from such preparations in the case of carcinomata «t 
exceedingly liable to fallacy. 

Similarly, in the case of attempted culture by immer^ng pieces of cardnomattws 
tissue in fluid media, elements r f the tissue become free and disseminated in the 
medium, and again may give rise to false deductions unless corrected by control 
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observations with pieces of nomud dssue. I may instance one example : when blood 
is shed into a tube of glucose broth or ordinary broth, and an examinatioR is made at 

the en J of twenty-four hours, free spherical globules in large numbers are seen, which 
absorb :inilinc dyes and sinudafe organisms closely ; red blood-cells are also seen, from 
which the interior [ rotophism has difFiiscd through the cnpsulc and is ndhercnt to the 
latter in the form oi globules, taking a deep chromatin stain with methylene blue. 

Case 2 is especially valuable iii that typical A forms were found tu develop 
in animals injected with B, while in one instance, the identical culture from which A 
forms developed in the animal, on subsequent injection as a subculture gave rise to 
what I have termed involution fbrmS) the club-shaped and mycelium-like forms de- 
picteci in Fig. 4, Plate XIV. 

Case } supplementetl this nhservatlon hv showinir that the mycelium-like torms 
probably represented a static in the vicvelopnicnt trom B to A. 

Case 4 shewed that although B was the typ& to be specially associated with 
primary cultures, yet A might also be found in these primny odtores. 

Throughout the research the diflficultles attending the culture of the organism 
have been illustrated, and also the manner in which the age of the cultures and the 
circumstances attending inoculation vary the results obtained by injection. 

I do not propose to discuss the signifieaiue of the association of this organism 
with these cases of carcinoma mammae. 1 he morphology imiicates that it belongs 
to the vegetable kingdom and is related to the lower tungi. It is ot great interest to 
read in a recent communication by Alessandri* that he has isolated from two cases, 
one a fibrosarcoma of the forearm, the other a spindle-odled sarcoma of the stomach, 
cultures which, in the first stage, contained lai^ spherical and oval forms with a double 
contour, and later, in association with these, small bodies in pairs and groups resembling 
sarcinae. The short description given of these cultures resembles in certain respects 
the account of the organism which I have given above, although these were non- 
pathogenic to animal?, and the relation ottiie small tnrnis to the large was imt ascer- 
tained. The research reported in this paper agrees with, but amplifies considerably, 
that reported in my previous paper. In conclusion, I wish to express my indebted- 
ness to my colleagues at the Northern Hospital, Mr. Hakrissom and Mr. Mukrav, 
for placing material at my disposal, and to Professor Bovce, Professor Ross, and Pro- 
fessor Mooai for kind criticism and advice. 
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DESCRIPTION OF PLATES 
PLATES XIII 

Fiig. 1. Culture t A in glucoM Agat twenty-fi>iir honn aid. Shewi two chief Tirietica (l and x). 

HuJiiing torn]» (3). 

Fig. 2. Sub-v,irictics of A. Glucose broth three d.<ys old. 

Fig. 3. A fomiB dicwiiig Sm 8Ugc of cxirasion. Note ocape of fine gramdet ihraiq^ micrapjrh. 

Kig. 4. A forms shewing further development of atrusion proccM. Note free sphericail graantes of 

larger size ilian in Fig. 3. 

Fig. ;. A forms with B form^ from glucose agar culture. 

Fig. 6. M}cclinm form. Note that fircc specimens are similar in type to A forms. 



PLATE XIV 
Fig. I. lypc B. fVom I culture isoLitcii from rase 2. 
Fif;. 2 '!"v]N? A I tL-J with IVpe B, iti the lung ot guinea-pig. 

i- ig. }. 1 \ po .-V .issuciaieJ aith 'l'>'pc U, from a Iciiotk in a guinea-pig, produced by the inoculation 
of B. 

Fig, 4. Tyjpe B, * involution ' formA. 
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*TICK FEVER' IN MAN 
Bv CUTHBERT CHRISTY, MB, CM, edin. 

LururooL tcnooa. or TtoricAt Mtamnt. 

SOON after reaching the Uganda Prntectoratc in July, 1902, I was Itiforined by a 
native that in Torn (Western Provinces) thcr<" wn<; an ' insect " whose bite 
caused serious ilhicss. He dcscrthed it as a spider, arui saiti that it c.inic out 
of the ground. Upon instituting a search at one of the ciuiipiug places, I had l)rought 
to me specimens of the tick figured in the accompanying plate. 1 subsequently 
discovered that this tick» known to the natives as the hih^ was fiiirly common in 
Usojga, Uganda, Budu, German Central Africa, Toro, Unyoro, and at Waldelai on 
the N^ile. It is most easily collected by searching the dust and straw on the floors 
of the huts erected for caravan porters, fir the houses of the natives, though in these 
latter it is not so easily tourui when the floors arc kept clean. Near Kampala the 
natives collected them for me around the bases ot the vcrical supporters of the roof. 

Their colour when alive is greenish-brown (sec Plate XV'). I'hc largest 
specimens are about 8 mm, long by 6 or 7 mm. broad. On the dorsal surface of the 
eight-legged adults are from four to six coloured spots. The ticks are flat when 
unfed, and have several deep furrows on the back, but when distended with blood these 
furrows are less evident. They bite at night, and fall off" when gorged. They are 
frequent'' r ri - 1 long distances in mats or bedding, or in porters* loads whic^ have 
been piled fur :>.iicty in the rest-huts at night. Some specimens I collct ted at Fort 
Portal, in Torn, had been carried in bags of salt from Katwe at the north end of Lake 
Albert Edward, more than fifty miles away. 

The natives of the Protectorate, particularly in Toro, dread this tick, and know 
wed the symptoms occasionally following its bite. In describing these, they invariably 
go through a pantomime indicative of vomiting, with pain in the head and abdominal 
region. They say that the above symptoms may last for several weeks, but are never 
followed In fatal results. The great majority of natives arc immune and suffer no 
ill effects from the bite, presuniahlv fiavirig been itninuni/ed In- previous bifcs. 

1 examined several cases of illness amongst my purlers and others, in 
which the above symtoms were prominent, without finding anything peculiar in the 
blood. The men in each case blamed the tih. 

The worst case was one of my servants, a Swahili from Mombasa, where 
there is no FHaria fmtanx. Six days befmre being taken ill he had, contrary to his 
usual habit, slept in a native hut at a camp where the tick was very abundant. His main 
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symptoms were violent hc-ulachc, tcvcr, coiihtatu vomiting, pain in the abdomcli, aiiO 
some purging. l''or a time I almost gave up hojics of his recovery, but seven dtp 
after the onset he had nearly recovered his usual health. There was no eniargemeni 
of liver or spleen, or other physical signs that 1 could discover. 

On several occasions during the months previous to his illness, I evaniinc, 
this man's blood without finding Filariae. During his attack, and for a week after it, 

the hlnnd examinations were negative. Two numtlis afterwnrd'^, however, I ajri'' 
examined his blood, and found a hiiaria persians embryo. Subsequently 1 found t» 
more. 

The distribution of the ttck as I found it in Equatorial Africa, agrees to sottit 
extent with that of PiUria pentanst or at least with one of its sub-species ; and in i 
district near the north end of the Albert Edward Nyanza, where the tih was abundant, 

I Jiscovered tlrit, n r i 1\ was a larger percentage than usual of the natives inflxtc. 
with Filiirui, hut their McmhI in very many cases was so full of ptnUms embryos that! 
could count a huiuireJ and fifty or two hundred on one slide. 

Krom these fior^, together with the apparentlv permanciu inuiuuuty an<l othc 
considerations, I have licen lead to assume that the above-described symptoms, know, 
amongst human diseases as * tick fever/ a very different thing to the tick fever ci' 
cattle, are the result of a primary inoculation with Ftkria perstantt by the tick knovn 
in Uganda as the In other words, 1 believe the tick here described acts as 

intermediary host for the Fiiaria pmtans. 

As inoculation and sectional cxpenments cannot for some time he complctca, 
and as the occurrefice of ticks harmful to man has not, I believe, hitherto been re- 
ported from Uganda, I have thought it best to publish this note without further delay. 
I shall go into the subject in detail in a forthcoming publication. 



Mr. R. I. PococK, 9f the British Mtiseum^ has kindly funuskid me umA the follo-.i:''., 
nete upott the spetimeas ivhich I snimitte/i to him fir determhiation : — 

1 he ticks above referred to by Dr. CHKisrv are identical with those collcctrJ 
in Angola by Dr. \Vti.wnscn, which Andrea Murray described in 1877 
^rgas mouiata^ stating that the essential difference between this species and the eariio' 
described Egyptian /1rga$ savignyi is the presence of the pale integumental spots, 
independently observed by Dr. Christv, in the former — and well seen in a ^ 
specimen amongst those he has submitted to me. The specimens are also spec':- 
cally identical with examples in the British Museum, collected by Dr. Dowsox i< 
Tetc, on the Zamlwsi. 
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The species is now known as OrniAodmu mniaja. As I pointed out in 
1900, it may be distinguished from O. savipiyi bjr the invariable absence of the two 
pairs of ^es present in the latter. Hence it has recently, but quite unnecessarily, 
been renamed by Neumann, O. Savigny't var. coeca. Neumann records it from the 
Transvaa!, etc., so it is evidently widely distributed throughout Central anil Southern 
Africa. Dr. ChristvV divovcry of the species in Uganda and his testimony as to 
its prevalence almost throughout the country comes as a surprise after the statement 
in Johnston's ' Uganda Protectorate' that he did not remember 'having encountered or 
heard of that pcMsonous tick,* with which he was well acquainted on the Zambesi. 
It is an interesting fact that the testimony of Drs. Livingstons and Welwitsch, 
Sir John Kirk, Dr. Dowson, Dr. Danikls, and Sir Harry Johnston, With respect 
to the sickness which follows the bite of this tick, both in Angola and British Central 
Africa, has been independently confirmed by Dr. Christy, who, at the time, did not 
know that the bibo ot Uaanda is identical with the mouba/dy Uimpatty and Ctirp/tit nt the 
Zambesi watershed. I am not aware that the allied species O. Savignji, wliivJi has 
been recorded from Egypt, Nubia, Abyssinia, Somaliland, British East Africa, etc., 
shares the bad reputation of 0. mttiata. The gec^raphical areas of the two species 
overlap. Hence, without the examination of actual specimens, it would be iroposnble 
to say which of the two species is involved in any given case of * tick-fever.' 
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BLACKWATER FEVER 

By J. W. W. STEPHENS, M.D., Cantab. 

WMTKH MViM ucTviiw IN TaaricAt nihkn'i, uwiml 

1. THE DISTRIBUTION OF BLACKWATER FEVER 

ONE of the commonest objections ufged against the malarial origin of bkckwater 
is that the distribution of blackwatcr and malaria is not identical. But it is 
equally true that tht- ilisf ribution of mild mnlriria and severe malaria is not 
idfnricri!, i^nti the cnnckisifjii that bhickwatcr is noti-ni.ihinai is, for this reason alone, 
by no means jusiihable. Thus, for instance, the mortality from malaria in the few 
still remaining foci of Northern Europe is not on a par with that of the Roman Cam- 
pagna, nor again is the severity of malaria in N<Mthern Italy and Austria at all com- 
parable with that in Southern Italy and Sicily. Thus, Schavoinn' says, *in Utria (on 
tbc Adriatic) the "tropica " :iKv.i\ s is verj' mil l. There are no recot\'.>^ of deaths, 
which are frequent in Italy.* The aspect of the 'virulence' of a particular species 
of pnms'tc has, in this argument, been overlookeil, and we cannot speak vaguely of 
maianu a*, a whole. The factors which tktermine ' virulence ' of a parasite are almost 
entirely unknown. Those factors whicn constitute the cinnatc of a country arc, in all 
probabiliQr, the determining factors also of * virulence,' whether this results from 
altered ' virulence * of the parasite itself or from altered blood conditions of the 
patient or from both. 

In this paper, then, I propose to consider the distribution of blackwatcr fever, 
with a view toshewin'j thnr, so far as the data allow, there /.'a close correspondence between 
that of blackwater tever and of severe malaria. I do not prnpnse to argue therctrt»m 
that blackwatcr tcvcr is malarial, because the proof of this statement is not merely a 
matter of ai^gument, but is based on definite facts. To these 1 shall return in a sub- 
sequent article. We may first consider the United States as here the data, more 
especially those regarding malaria, are sufficiently complete for a comparison to be 
made. 

According to HiRscu,* the first records of blackwatcr fever in the United 
States date fr im i866, in Texas and Louisiana, and subsequently in Mississipi, 
Arkansas, North Carolina. Davjdson' gives the same i;st, r.tiirL;i;i, h nvever, instead of 
Arkansas. Wbber* nientions .'Uatiama, Mississippi, Louisiana, Arkansas and also Florida, 
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to a less extent. Much of the American literature has been Inaccessible to ine,]ret from 
those references I have collectol, it appears that not only is blackwater known in 
most of the Southern States, but that it is, at least in i r? tin districts, quite a common 

disease. Thus Hakf' tn\iru! that fiftv out rif f?nc hmulrcJ and fiTtv-four practitioners 
in those areas ot the census which had a mortahty ot Mvcutv *r tucr) per thousand 
other deaths see it frequently. Of these, Alabama provides tour, Georgia nine, 
Mississipi fourteen, Texas twenty-seven. He mentions that Cochrane, M.O.H., 
Alabama, collected six hundred and forty-two cases from different practitioners, with 
one hundred and fifty-eight deaths, or a mortality of twenty-five per cent. Bat 
Smith* says it occurs in the interior of Louis'.in.i, ;uid in Alabama, dating from 1867, 
and in Texas. He also says it occurs in Central America and Brazil. Field* 
describes it in Virginia, where it i« called Roanoke yellow fever, to di'^rin^uish it 
from yellow fever. Ki 1. Patrick" s;i\s rhr rcrd nntse is uiulouldeJly nialariit, ami ir 
Georgia is confined strictly to the white race. KoiiP'' says the disease, malanai 
hematuria, is quite common in the swamp districts of this State (Arkansas). Bush" 
says the disease is getting to be a very common occurrence in Florida, Georgia, and 
the Mississipi bottoms. 

In the report of the Tri-State Medical Association of Mississipi, Arkansu, 
Tennessee," t"ill<nvinf: conclusions are arrived at : — 

1. Col Hired race not entirely exempt, among fifty-seven cases five in 

coloured pers')ns. 

2. Forty-one in males, sixteen in females. 

3. Fifty-one cases occurred in persons who had been subject to malarial 

attacks for a greater or less time. 

4. In thirty-six cases quinine had been given before the attack. In 

only one case had quinine not been given. 

These instances, nut of many, will suffice to shew that in the Southern States 
of America blarkwatt-r tever is a well-known, and appareiitlv 2 lonHtinn, disease. 
Numerous other instances will be found in the bibliography ap|>endcii. We have 
then reference to its <xcurrence in the following eleven States, viz., Virginia, North 
Carolina, South Carolina, Georgia, Florida, Alabama, Tennessee (?), Misnssippi, 
Arkansas, Louisiana, Texas, 

Let us next consider the distribution of malaria in the United States, and for 
this purpose I have used the data of the 1 890 census. The figures represent the 
number of deaths from malaria prr i,CCO other deaths. It we arrani;c iht St.Kc- n 
t ic order ot their highest mortahty, we gtt the following scries (column 1 ) : in the 
second, third, and fourth columns are given the values for other sections of each State, 
trom which it will be seen how variable is the mortality even in the same State, r^., 
Georgia has in its southernmost part a mortality of seventy-four, in the northern 
part of only eighteen. Column 5 represents the occurrence of blackwater fever. 
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The fbllowii^ is the order of mortalttjr from malaria per thousand deaths 
from other causes, and occurrence of Blackwater : — 
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Thus with two exceptions ivr have an accurate cnrrespondence between the 
distribution of hl.ickwater tevcr and severe malrtria. W hcthcr Okl:ihnma and Arizona 
are real exceptions, or whether if is sitnpiy tJiat blacicwater, though existent there, has 
not been recorded^ 1 have no means ot determining. If now, we plot out these figures 
on the map^ we see that blackwater fever is confined to a region below the 37th parallel^ 
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probably 35th is more accurate. Further, the isothermal of 55^ includes all these 
areas, while most of tlicm lie within the isothermiil of 60'. The mean annual mtlM\ 
is as great as fift\ inches in Louisiana, Mississippi, .-yahama, Tennessee^ Gcoigia, and 
Florida, while tti the rest it Ues between forty and flfty. 




Tennessee I have con»dered as positive, although I could find no actual state* 
ment regarding it, but 1 have inferred from the Tri-State (Alabama, Mississippi. 
Tennessee) investigation, of which an abstract only was avulable, that it occurs in 

Tennessee itself. 

It is possible, tw, that hiackwatcr may occur in Ketitiickv, Washington, ami a 
lew others with high malarial mortalities. The data, however, shew that l)ct\vcc'i 
blackwater fever and severe malaria there is, in fact, an extremely close correspondence. 

Centra/ ylmerioi am/ IVesi /rtdia. 

References will be found in the bibliography to its occurrence in Centr.il 
America,'" Nicaragua,'* Costa Rica,*^ Venezuela (Caracas,'" and the Orinoco river*^). 
and in Cuba.*' The historv of its <»ccurrcncc in the West Indies** is an ancient one. 
Du i ROULEAu*' says it occurs particularly in the most intense malarial localities ot 
Fort de France, Martinique, and Point a Pitre, Guadeloupe. Only exceptionally at 
St. Pierre and Basse Terre. It was observed by M. L* hcaminier as early as iSzS- 
1838, and in 1853-1854. * Continued longer, quinine treatment may be dangerous, 
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and at Point i Pitre they have not hentated to attribute hemorrhagic compfications 
to it, which were more frequent formerly than to-Jay.' It* occurs also in French 
Guixna,'*^'' British Guiana (uncommon), and Dutch Guiana (?) 

Soudt Amma. 

Bat Smith* records its existence in Brazil, but I can find no other reference. 
With regard to Central South America, the references in the literature at my disposal 
were quite inadequate to give any idea of either the prevalence of blackwater or of 
malaria. 

Italy. 

It is difficulty f) gather from Italian literature what the exact distribution 
of blackwater feter in Italy is. 

1. Marchiafara and Bxcnami** say, * That in the Roman Campagna it i$ 
rarely seen. In the rest of Central It.aly and in Northern Italy the only known case 
is the one puWisfied by Muaai. It is not rare in Sicily, and not very rare in 
Sardinia (Vincenzi).' 

2. Dt Francesco Montelone'- describes severe forms of fever in Cablina, 
seldom found elsewhere in Italy — pernicious hemorrhagic and tnjpical remittent 
(bilious). 
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3. With regard to the liistribution of nKihiria, Cki.li*' says, ' I^s parasites 
estivo-autunnalcs onr un Jhers Jegr^ dc virulence ct que eii general, ils otit unc 
virulence plus cxaltec dans I'ltalic ititcrieure, tnarennesde Toscaiie, et de Rome, Midi, 
lies. Le nombre pro|x>rtionncl des morrs est beaucoup plus elevfe dans Tltalic 
inftrieure.* 

4. yide above, Schaudimn*s observations with regard to the mildness of 
•Tropica' (estivo-Autumnal) In Northern Italy and Austria. 

f. The acrom;>:u)ving map shfws how ni.irkcJU iti.iliiria v:irirs in intcnsitv 1 
thruuLihoLit It:i!v, aiul how it reaches its rn.iMiiniin in the cxtrctiic buuth (Calahria":, 
in Sicily and biardinia, in both which places blackwater fever is 'not rare ' {yiJe 1). 

In these two instances^ only> have I found it pos^ble to compare the distribu- 
tion of malaria and blackwater fever. In the United States the data shew a clox 
correspondence ; in Italy, also, we find that in the regions of really severe malaria, 
blackwater also oCCUrS. Whether or no, the correspondence is as close as I believe 
the facts enable US to conclude, yet the varying intensity of malaria iti the States and 
the striking variations in Italy aho clearly shew that to speak broadly of inMlaria as 
a whole in a country is by no na- ms justifiable. 

In the rest of this paper i must necessarily be content with pointing out the 
distribution of blackwater, which is, \ believe, wider than is generally supposed, adding 
only some comments which appear to be of interest, from the sources I have examined. 

Creea. 

Pampovkis and Chomatianos** say that quinine hemoglobinuria was first re- 
corded by M. S. Varcttas, Nov. 6, 1858 {Sat, Med, Grkqtu dt Pam), 

Blackwater fever is recorded by Greek physicians in Patras, Albania, Agrinlon, 
the military hos; it.il, Athens, Karvassara, Thessaly, Salonika, etc. 

it is interesting to note that according to Karamitsas,'' in Atherts, malarial 
disc.isfs have a verv slight intcnsitv, and are onlv seldom jiernicious. With rc^^'J 
also to blackwater, K.AkAMUSAs'*' says, tfi.it no case of the disjxjsition to blackwater 
is acquired in Athens. 

Turkey . 

Karamitsas records a c.i^e in a small village in Turkey. But here, as in so 
many other instances, it is impossible to form any idea ot its real prevalence. 

Gkkow^' investigated exactly, cases of blackwater fever that frequently occurred 
there. He takes the malai'ia and quinine view. 

CROPi'tR'** recorvis blackwater fever in three districts. In K^iit.le'mih, he says 
the natives sufivr much less from malana than the Jews, and hardly at all Irom 
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bbckwater fever. At TaaufrVt the colony is now deserted on account of the severe 
malaria and blackwater fever. At Isieid, blackwater fever also occurs commonly in 
some seasons. It occurs also at Smynut, 

.iffica. 

To rri'Ht of the hi«;rorv of" blackwater fe\-er \\\ Africa, irs i1i<^f rilnition, is quite 
ticyond the scope of this article, aiui wnLiki in tuct require a treatise wx itselt. I can 
again only give short notes from the sources which have been available. 

$midiM {Bakt el GazaJ). 

A death from blackwater fever was recorded from this region of Soudan, in 
the public press, August, 1901. I am informed that others have occurred since. 
CAaMOVZE** records cases at Kayes, 1 5° N., 14^ W., approximately. 

Kklsch and Ktt vE '''' state that * The nngloblnurir nV^t pas exclusivenent liee 
aux fievres bilieuses des pavs chiuds. Nous avons d^ja signaie "^^n apparation asscz 
trequente dans les fievres d'Aigerie,and also 'Ics pyrexiesdanslesquelles Thimoglobi- 
nurie est le syniptome prMominant — sont dans la r^ion Medit^'raiiiene exceptioneltes.* 

Vallin** records a case. It seems that blackwater fever is rare in Algeria. 
With regard to the distribution of malaria, or its varying intensity, I could find no 
data. With regard, however, to the species of parasite, Billet'^ states that in Algeria, 
over a large area, the quartan parasite reaches a maximum value of only 2*5 per cent., 
but in Grande Kabylie it is 70 jkt cent. Such variations in the distribution of a 
particular species of pnrasiee, in M prulnibility, imply considerable variations, also in 
intensity of mularut, and it remains to be seen in what portions of Algeria really 
severe malaria occurs. 

Stnegal. 

As it is commonly asserted by laymen on the West Coast of Africa that 
blackwater fever is a recent disease, it is interesting to note that in Senegal, accordis^ 
to Bereno^r FeRAti)", 'it has been observed as early as I 841, and from the resem- 
blance of these fii^ior:es to earlier ones, proliably also in 1839, 1 830, 1825, 1820, 
shortly after the arrival and settiuig of Europeans in Scncgambia.' 

yitsui atui Grand Bassam. 

*M. LecRAiN, (850-1851, calls especial attention to the blackwater, stating 
that it was the only time he had seen it. Grand Bassam, 1855, three cases of 
^'pisiement du sang."* 
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Gtid Caast and Gah»». 

M. LosBDAT, priest, had observed, sinoe i S46, many times that malarial fever 
vn» accompanied by intense bilious |^enomen% ictenis» and black urine (p. 34'**). 
The frequency on the West Coost of Afnca is given on p. 241* 
Gaboon and Gold Coast - ^S- 5c attacks annually 

Up|>er Senegal - - 20 ., 

Southern Rivers - - 15 „ 

Cayor - - 8 „ 

St. Louis and Gor£e - - i-j „ 
That blackwater fever is common along the West Coast of Africa is a matter 
of common knowlcJge, but it is difficult to say where it is most frequent. On* 
factor alone would make any estimation of the kintl difficult, it is the very unequ.i! 
distribution of a liumpean population. Without luiropcans there is practically 111 
blackwater (its very rare, if genuine, occurrence among natives would, in no way, 
appreciably aftett the statistics). Now, it is equally notorious that in the West 
Coast of Africa we have as regards its malaria one of^ if not the most, deadly places 
in the world for Europeans. And this correspondence in the distribution of malaria 
and blackwater fever is not denied, of course, by those who deny their COTrespondenot 
dsewhere. But 1 may be permitted to diverge so far from my intention not to la* 
arguments as to their idrnfirv on the correspondence in distribution nt hl.ickwat." 
fever atui malaria, as to poitu out some striking t.ict<^ w*fh regard to tfit- mortal ly 
from ' malaria in tropical Africa. 1 examined the statistics of deaths in all German 
colonies in Africa for a number of years, and got these remarkable figures : — 
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Surely the conclusion that in these * deadly fever-stricken r^ions * jnahrii 
has a comparatively small mortality is not the true one, but, on the contrary, tb<^ 
obvious one that blackwater fever is in fact malarial. 

To resume the question of distribution, blackwater fever then is well-knon i 

almip r!',t.' ^^'est Coast <>( Africa, in Nigeria, in the Crmirrnoris, in the Congo, probalw 
rortL:aii(.--c West Africa ; but whether as tar --nutli ,iv I ).;mnr;i1niul. 1 am unable tu 
say. On the cast coast it extends as far south as Beira and l>elagoa Bay. British 
Central Africa, Uganda, German East Africa, Brid^ East Ainca ; in all these it 
occurs. Cases will be found recorded in English periodicals. A consideration of 
Madagascar, Mauritius, the Comoro islands, may be interesting. 
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Matiagasear. 

DACLti observed blackwatcr here in 1 851 -1854. Davidson"^ describes 
cases at Nosst-Bi from 1862-1880, one hundred and eighty-five cases, forty-nine 
deaths. Dvtroulbau,'*' Lkbbau,"' Qdbnnbc,'*' Babtkblbmy-Bbnoit,"* and Ybrsin,'^ 
also descrihe blackwatcr in Madagascar. 

Bourbon. 

I.AVF.RAN, quoted by Marchiafava and Rign'ami,"'' says, 'the opinion that such 
a tever is produced by quinine is a popular l>clicf among the orioles of Kc"union, but 
one whidi is not shared by their physicians, who have always protested ag«nst the 
prejudice/ whereupon Marckiapava and Bionami remark, ' but it seems that the 
prejudice was on the part of the physicians and that the laity were in the right*. 

Mauniius. 

HtRSCM ami others inciUuin its occurrence here. Labont^ discusses renal 
hemorrhage as a sequela of Mauntian fever. With regard to ' Mauritian fever' and 
the prt played by quinine in determining blackwater, it is interesting to note that 
OB Valencb'" writes that, 'in 1823, Josbpm Conison said that sulphate of quinine 
AtM he triett in continuous fevers.' 

India. 

IIiRSCH quotes Day"' regarding the occurrence of blackwater fever in India, 
Hut it is vcr\' doubtful if Day'i Je'^i ription refers to blackwater. Isolated cases have, 
from time to time, been recorded, especially from the Duars and Terai of Bengal, 
both notoriously malarial districts. Christophbas and myself on visiting these 
districts found, to our surprise, as enquiry from Indian physicians had elicited, very 
little positive information on the subject, that in these districts (the tea gardens) 
blackwatcr fever was as common, and even commoner, than in tropical Africa. 

In India it occurs then in the Duars and Terai (Bengal), in .Assam, and in 
'He Jcypore atjency (Madras), though it is not at all improbable that it exists 
elsewhere also.* Kegarding the distribution of malaria in India, extra- 
ordinaiy variations in intensity are found even within the limits of ten to 
twenty miles. In both the blackwater regions of India visited by us the malarial 
intensiQr was very high. (The malarial intensity or endemic index of a district is 
measured l)y the pe;^ enta^e of children, under ten, infected with parasites). In 
these distriLts it varied between 70 jier cent, to lOO per cent. It was also a note- 
" t'lv tact that in both these districts the species of parasite was almost exclusively 
4uartan, whilst elsewhere simple tertian was the prevailing species. 

_ * Sine* writing ihc «b««e Dr. Chriity iaioniii mc that he hii luiiiitif tcm three cue* in the CaiMr* dimict (BoMbay 
rn«i^T). So lint herti, ip^cntljr, wc have yet wwlhcr fccui (a Mil. 
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Ciaia. 

CothtH Cbaa. Bbkengbr Fbravd, cit., states that blackwater fever is ftt- 
quent in Cochin China. Hirsch, Uc. €U,^ Vbii.w»d,"» Disser,'*" record cases. 

Tonkin. P xrt o i '" saw seven cases in two years at Haut-Song-Cau. Fiveot 
these were among Europcms luni; in the colony. 

1'ontaine'** says. ' that h],Kkwatcr fever is rare in the old lo%i;ns or the Delta, 
bat fiequent in the high country, particularly at Dong Sofig.' 

Le Ray'*' describes it at Cao-Bang. 

Dutch E/ui /iii/ifs. 

V. Leent'" says, ' jusqu'a pr«5scnt le fievre jaunc n'a jamais visitc Tarchipcl des 
Indes Orietitales. Nous croyons que cc sont des cas dc fievre pernicicuse ictcro 
hemorrhagic qui ont coiuiuit certains ohservateurs a admettre a tort I'apparition dans 
CCS parages dc cas de typhoide icterode.** 

British Malaya. 

Haiiii.T'ON Wright"^ dcscrihing a case of ' pernicious fever 'refers to itai 
rare. The case is undoubtedly blackwater fever, and is an accurate picture of that 
disease* though not recognized by the author as such. 

' New GkiMea (GermaM). 

ScHELLONG,"' Dbmpwolf'** describe blackwater as existing here. 

Niw Hebrides. 

MoRFi,'-' d(.sL r:bts :\. case. It niav, however, he an imported niu". 

It iiuist be evident Irom tiicsc scanty ones liriw in.uici[u.itL- arc tiic rctcrcJxo 
ill literature to give a true idea of the exact prevalence of blackwater tever. The 
fact that in India, in the J cy pure agency (Madras), Chkistophers and myself found that 
practically all the missionaries established there had suflered from backwater fisver ; 
that we had, in lact, a distinct blackwater area there which, at all events, to medial 
men outside the district was completely unknown, shows that caution must be 
exercised in assuming the absence of blackwater fever in a country uriless it has bceti 
recorded. Nor t!f< I think that the prevalence of black.vater fever in India is yet 
exhausted. Moreover, there is one tact which must be considered, viz., whether in 
any district we have a susceptible European population, and, in considenng its relation 
to malaria, above all, differences in virulence of malana must be taken into account, the 
species of parasite, and other factors, conditions of life ; thus it is a quite erroneous 
method in comparing the prevalence of blackwater among two European populations, 

"Mniirr' "* «iJti > thj( their n nn hi.uk" iHT Icvrr in S inijirj n ih iiijili the >cv<Tril u»ct i>I ni.ii.ifia )rt nol imcom.-nfc, 
out ihu ■• luntri'ticinl by lh« Uct (hit it •• common amoo^i (lie Oali-h at AclMei). ll »Uo wcuri at Java, ttpnuiily M TjuMlf 
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to compare a town popalation with an ' out-station * population, for malaria among 

two such cla'vses h n verv difFerent matter ; it is in fnwiis that mnlnria is least ; it is 
the niit-sr.uiniis of the bush that it is most fafLiI 1 have, I trust, avoidetl, as far 
as possible, mere argument in this pajKr, tor argument and theories have been the banc 
of Uackwater fever. 1 hope in a following paper to point out briefly what really are 
the facts which establish the malarial origin of blackwater fever. 
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11. THE OCCURRENCE OF MALARIA PARASITES IN 
BLACKWATER FEVER 

Analysis or Ninitv-fivb Cases 

PANSE has recently published a remarkable smes of cases of blackwater, from 
which it is very evident that a positive or amative finding of parasites in 
bbckwater depends very largely upon when the blood examination is made. 

This fact was already known to those who had made careful examinations in these 
cases, but I do not think that it is one that is at all tje.nerally recogtiizt J. 1 havct 
therefore, summarized all the cases, ninety-five in number, that I have been able to 
find bearing on this point. 

1 have confined myself to making dear this broad result, and have not con- 
sidered many other interesting features of the cases, e^g,^ (i) the data with regard to 
f(uinine» though quinine in itself is a powerful factor in causing the disappearatKx of 
parasites ; (2) the actual intervals in hours between a positive and a negative finiiing ; 
(3) the disappearance of parasite? and their subsequent reappearance ; (4) the numlicr 
of parasites at various intervals till they disappear; their occasional persistence 
throughout ; (6) the presence of pigmented leucocytes ; (7) the increase in the 
percentage of large mononuclear leucoc} tes (diagnostic of malaria). A consideration 
of such p<»nt» as these would have much complicated the subject, and, indeed, the 
data are often quite inadequately given to nuike any such consideradon possible, 
consequently I leave the tables to speak almost for themselves. 

I have not considered cases where a clear history exists of the taking of 
quinine for several days previous to the blackwater, because simple malarial cases 
under such conditions may give an entirely negative result. Nor have 1 considered 
cases, a few in number, where a relapse occurred a day, or a few days at most, after 
the initial attack, because these cannot rightly be considered as fresh cases. Such 
cases, for instance, as those of Koch's series, t3A, 13B ; in th^ the quinine element 
on the contrary is clearly demonstrated. Finally, for the above reason, I have not 
included a series of of Klunx, because, with one exception, the patient had been 
taking quinine for some days previously. The exceptional case was one where 
methylene blue had been l;'\'cii previously, and parasites were present i quinine was 
then given, blackwater ensued, and the parasites quicKly disappeared. 

The tables are constructed in the following way. The day before the black- 
water, the day of the blackwater, and the day following, form three headings, and 
under each of these is recorded the result of the microscojncal examination as regards 
malaria parasites, whether pontive or negative (without further detail). 
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A. PUtNM 


Day Mora 
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bcino^iobinuri* 


Day ol 

hrmo^Lubinufia 


Day aher 
lierocifluhinuria 




RSMAJtKS 


Csae 4 ... 

II 5 ••' 
M 6 •• 

» 8 ... 

w 9 ••• 
» 11 ... 
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>TsrRBMa aai 
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Avniok 


Day betoe licau>(iabinuria 


Day of hetna(loKn«riR 


Day «ltcr MKt 




No. ^iti*e 
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No. of CMC! 
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s 


s 


5 


3 


10 


> 
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10 
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5 
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1 


1 


9 


1 


16 
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3 


3 


3 




1 


0 


Piijitit ••• 




9 


8 


'7 


9 


20 


S 


Total 






22 


63 


39 


6+ 


It 


Percentage Posiiivc 




9 J '6 per cent. 


619 per cent. 


171 per cent. 



It is almost unnecessary to add any comment for the figures shew condusivdy 
that when examined before the onset of the blackwater, parasites present in 95*6 
per cent, of cases, whereas on the day after, when it will be noticed the highest num- 
ber of cases (sixty-four) was examined, the remarkable fall to 171 per cent, is the 

result. On the t!:iy of the hlackwater itself, we have only a figure of 61-9 per cent, 
instead ot 95*6 per cent. I'o assume, as has heeti done, that malaria in these cases 
is only an accidaital concomitant seems to be to disregard conunon sense. My 
intention here is solely to draw attention to the great importance of an early examination, 
if malarial parasites are to be found. 
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III. TIT! COMPARATIVE MORTALITY OF MALARIA AND 
BLACKWATER KEVER IN TROPICAL AFRICA 

DR. CHRISTOPHERS and myself, while investigating the nature of hl.ickwater 
fever, were much struck by the tact that in those intensely malarious parts of 
Africa visited by us, wc did not encounter a single case of death from malaria, 
pet but deaths occurred always from blackwater fever. The evidence that con- 
vinced us that bbtckwater feVer is malarial, vis, however, based entirdy on micro- 
scopical evidence, and those who wish to know what the evidence really is may be 
referred to our reports quoted above. While maintaining then that the direct 
evidence of its malarial nature, even in the absence of parasites at the time when 
the cases are most frequently examined, is conclusive ; it is not, ! think, u«;eless 
to consider evidence of a secondary nature. This evidence, too, is important, as 
it affords a mass of facts surely of much greiter value than the many plausible 
suggestions made by those who have had no actual experience of the disease. To 
turn to the facts under consideration, it is not often that it is possible to give any 
numerical comparison of the frequency and fatality of malaria and blackwater fever 
respectively in a district. The following data I have compiled from the statistics 
furnished with regard to German colonial possessions in the * Arbeiten aus dem 
kaiserlicheii gesundheitsainte ' for the various vcars. Frequently the data are 
insufficient to afford the neccssar\ cnmpanson, but the following examples arc 
sufficiently instnKtive to merit compilution here. 

In these statistics I have omitted the data (a few in number) with regard 
to native malaria, and the rare occurrence of blackwater among the nUtlve troops, 
l>ccau<^e it is deariy absurd to consider European and native malaria as a whole and 

deduce any argument therefrom the two conditions are so unlike. It must further 
he noticed that the number ot cases under the headiiiir blackwater cases may not 
be quite accurate, as in the reports it is only the deaths that are especially noted. 
However, this de6ciency does not concern our present object. Further, under the 
heading malaria deaths it is possible that some of these are due to blackwater, for 
it is not always dear whether the distinction has been drawn or not. 
We have then the following striking figures : — 





Ca«c» 01 
Malaria 


Death, from 
Maiirit 


Cjics of 
BiKkwatcr Fever 


Dutlit fnim 
iilack.wat(r fe\tt 


G. E. Africi, April, 1897, to M«rch, 1H98 
G. E. Alriai, April, 1898, 10 Mareh, 1 899 
G. E. Aiirica, April, 1899, to Msfdi, 1900 

Cameroon, luiy, iKiy-,to lune, 1898 
Cinicroon, July, 1*99, to June, 1900 
Cameroon, July. 1900, to June, 190I 
Togo, 1899 to 1900 


345 
390 

149 
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7* 
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0 

0 

4 

0 

2 
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"7 
10 
It 
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z8 
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7 
8 

5 
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36 (.'39) 
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We see ftom thcK figures the striking Act that the number of desihs fnm 

blackwatcr fever is four and a half times as great as that from mahria, and that, ex- 
cluding blackwater, malaria has a small mortality. But is this the true interprrtarinn of 
the figures, which are drawn from countries where it has always been held that, it any- 
where in the world, malaria is a deadly scourge ? It is hardly necessary to point out 
the true explanation ; that these malaria] regions are so deadly because blackwater 
fever there, also prevalent is likewise malarial. 

Again, as in the previous ppers, we will allow the figures and Acta to 
speak for themsdves. On one of the many plauiible conjectures regarding black- 
water, it may be well to make some remarks. The ' special parasite ' theory of 
blackwater was suggested to those who saw in the fact that in blackwater fever and 
Texas fever of cattle, red or black urine occurs, a proof of their identity, and the conclu- 
sion naturally followed that in blackwater fever also a parasite, allied to piruplasma 
bovis^ occurred, and in pursuit of this phantasy, writers tmt: naturally also tried to 
implicate ticks in the causation of blackwater lever. Now, it mKy he definttdjr stated 
that there is absolutely not the slightest basis of fact in the whole of this fiuitas^ 
hypothesis. The blood and organs of blackwater patients have now been examined 
by many competent observers, and nobody has ever observed any parasite of this 
nature — ^parasites which in Texas fever occur in enormous numbers, and are easily 
suuied and detected. To dismiss this subject, we may yet consider whether a special 
variety of mslaria parasite exists, quite another matter from the view we have been 
conndering. It is proved beyond doubt that Uackwnter is malarial. Is there a 
spedal malarial parasite ? This may be a difficult matter ta determine, because^ as 
we have seen, it is only before the onset of die hemo^binuria that the j^rasites are 
constantly found. At present no evidence exists of any difference in morphology 
of the parasites found, but that a parasite is capable of displaying increased viru- 
lence under particular conditions we think there is much evidence to show. We 
cannot enter into this question fiirdier. We think that while it is possible the 
malarial pararites in bhckwater may have special morphological characteristics, this 
is unltkdy, and that the truer explanation is to be found in altered virulence 
depending on unknown *dimatic* conditiotts, e.g., possibly the passage through a 
special species of anopheles, and upon changes in the constitution of Europeans 
not produced in temperate dimes. 
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SUMMARY OF RESEARCHES ON NATIVE MALARIA 
AND MALARIAL PROPHYLAXIS ; ON BLACK- 
WATER FEVER : ITS NATURE AND 
PROPHYLAXIS* 

By J. VV. W. S I EPHENS, M.D., Cantab, D.P.H. 

ueniM* m tm»mc<l MtDtcim, uvfwogi, 

AND 

S. R. CHRISIOPHERS, M.B., Vict., I.M.S. 

I 

OF our researcfaies on malarw those rdating to n&tive malaria seem to us of such 
great practical importance that in the present report wc have almost entirely 
confined ourselves to a ducusnon of these, and their application to the 
prevention of malaria among Europeans in the tropics. 

It is unncLcssarv here to discuss the question ot the mosquito transmission of 
malaria. We may, however, lay stress on some points which are as yet often over- 
looked. 

1. It is practicalljr certun that the mosquito cycle is the only one. We 
cannot, in the space at our disposal, give all the reasons for this statonent : suAce 

it to say that up to the present no com|>etent ohstrvcr has brought forward a single 
fact inexplicable by mosquito transmission or suggesting any other channel of 
infection. 

2. Regarding other hosts of the makrkl parasite ^n man, no one has 
Ibund any other animal than man infected with the oi^anism of human malaria. The 
suppontion that monkeys may be the means of infecting Anopbeks in the jungle is 
made highly improbable by Koch's researches. We may point out, too, that such a 
supposition is in no way receded to explain malaria contracted in the jungle, the real 
mode of infection in such contiitions being nfnv qitite well iiiuici stood. ' 

3. All recent research confirms the view that niaiaria is always derived from 
malaria pre-existing in others. It is as important to recognize that mahofia it tmtf 
iervoed from man as it is to appreciate that it is only transmitted by the mosquito 
(Amfiheies). In other words, malaria is as much an infecdous disease as scarlet fever. 



• SliijIilIy modlfi*d from Piifin Riljiing la iMt imtttif^jiim c/' Malanj ami r>iir' T>of>ual Diitatti, Colonial Office, 
Jaae« 190). A mmiiury o( all our mcarcho wilt iliortly be publiilicii ji a bftrt n iht MaUrutJ Cmmmu tf tie Kaj^ S»attf^ 
Hniiiaa It Sob% LmJob. 
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the only difierence being that it is not conveyed by contact, but only by the An^btla 
mosquito. 

Malaria then ts an infectious disease -the infection or malaria parasite bci-g 
conveyed from one person to another by the hite of AncpheUs. An dmpheki 

mosquito, per se^ is harmless ; it is only an Anophde? containing parasites, or, in other 
words, an i refected Anopheki^ that can transmit malaria, and the onlv wav bv which 
an Anopheits can l)cconie infected is by ' biting ' some person who has the parasite in 
his or her blood. 

It at first sight seems strange that the infective character of malaria has been 
and is still so overlooked by the general public. The actual mode of infection, how- 
ever, has lately been made clear. Malaria is not in the tropics usually contracted 
from * fever ' cases, but almost always from * latent ' malaria in the native population. 

Native Malaria 

1. Koch, in the East Indies, almost everywhere found malaria in the 
children, though adults were free from infixtion. He commonly found malarial 
infection only on microscopical examination of the blood. In some of the villages 
examined by him cverv child had malaria, in tuhcrs a smaller proportion. HeCMHe 
to the conclusion that the degree of infection he found in these children was a test or' 
the intensity of !ir:i):tria. 

2. \Vc, ourselves, finduig that Amphtki caught in native villages alwajs 
contained a considerable percentage of infected specimens, were led to the discoven- 
that this was dependent upon a general infection of the native children of Attn 
who, although apparently in good health, had almost always the malarial parasite in 
their blood. We were thus able to show that the home of malaria is in native huts, 
hamlets, villages, and towns, and that European malaria is a mere resulting »gn of 
the vast degree of iiuiiaenous latent malarin. 

This has amply confirmc.l suliscijuently by other observers, notablv by 

Annett and Dution in Nigeria, Ziemann ui the Cameroons, and again by ourselves 
in India. 

Thk Infection of Anopheles 

Where human infection is so general we should also expect to find Anvphdei 
infected, and, indeed, in any hatch o\.l>i :ph^-!i- c.iught in native huts a greater or l<si 
proportion :i!wnys (.ontan sjiom/oits, ;.£■., trie nml.irial [i.irasitc in a Condition ready 
for infecting man. l lic nutnl)er ot Anopheles infected is a variable one. As a rule 
in Africa it is from five per cent, to ten per cent., but reached in some villages litty 
per cent. Aro, on the Lagos railw^, was an instance where the sporozoit rate in 
Aii^hetef caught in native huts was fifty per cent. Obviously it would be as diiRculi 
to avmd malaria in such a place as smallpox in a smallpox hospital 
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We have stid before that AiufMu «re only capaUc of giving rise to malaria 
when they have previously fed upon blood containitig malarial parasites, but a curious 

t ict, and one of great importance, may be here noted. AnopheUi are mainly to be 
tounJ in association with native dwellings. One has not long to do with Anopheles 
without finding that they are hardly ever really abundant, except in native communities. 
Whenever in any place we wished to collect large numbers, our invariable practice 
was to proceed to the native quarter, and there we could collect Anopheles generally 
without diflieul^. It was otherwise elsewhere, and in remote marshes occasional 
specimens (most frequently of a * wild * species) onty were caught in our tents. So 

fir as appears at present die majority of Amiph^s in Africa haunt native villages. 

It Is, perhaps, almost permissible to say that about five per cent, of all the Anopheles 
of tropical Africa are infected with malaria, and infected solely because they have 
derived the infection from latent native malaria. 

In nearly every hut, then, of the millions scattered over the jungle lands of 
Africa, and of those forming the denselv crowded towns ot West Africa, we have 
children with parasites in their blood, and Anopheles to disseminate these. 

Thb CoNSEQVKwr iNrecTioN or Europeans 

The condition ot extreme imhealthiness found, /»<//■ f.vtt'//<;«ir, in West Africa 
is not determined by the 'climate.' The reason is largely to be found in the con- 
ditions nnder which Europeans at present live in Afnca. Even on general grounds 
it would be well to avoid native huts and hovels, with all thdr dirt and insanitary 
surroundings, conditions which may be likened to those in the worst slums of our large 
towns. When, however, we realize that these huts are veritable hotbeds of malaria, 
it is evident that the very first sanitary law for Europeans in Africa is to avoid their 
neighbourhood. It is, however, a striking, liut most deplorable feature, that in Africa 
hardly ever do we find a European bungalow or dwelling place built with this end in 
view. European houses are often ntuated among the huts of the natives in townS| as 
in Freetown, Sierra Leone, or they have a cluster of hovds or huts close at hand. In 
one instance we saw a new settlement bdng built on the v«y fringe of a native 
village. It was not a question of necessity, as land free from villages or huts was 
available all around, ?ior was there any reason of policy, the Europeans being employed 
on the radway, and having no relation with the villagers. The choice ot such a site 
sufficient in itself to ensure the settlement being a very deadly one, as indeed was 
later the case, could only be deplored. To sum up, then, we can say that with 
certain notaUe exceptions, to be mentioned later, the European on the West Giast of 
Afrca is living in the midst of native huts, and is consequently daily aqxMed to the 
bites of infected Anopheles. The actual conditions are described in greater detail in 
the following section dealing with prophylaxis. 
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PROPHYLAXIS 

At the outset we shall divide the prophylaxis of malaria under two heads: — 

1. The prc vnition ot malaria in ti;Utve communities. 

2. The prevention of malaria in Europeans. 

The two problems are essentially diflferent, and no confusion should ever exist 
in our minds as to what any given anti-malarial measures are intended to acbtm, 
whether increased health of resident Europeans or diminution of native malaria. 

I. Thc PtievBNioK OP Malaria in Native Gimmunities 
Prophylactic measures applicable to the average native of tropical Africa are, 
for many years to come, beyond discussion. The vast bulk of African natives are 

completely beyond any sanitary control whatever. In some large towns n measure 
of control doe"! exist, e.g., Kreetrnvn. I.ne' Ama, Cape Coast Castle, and a tew 
others. In tht sc only has one the Ic.ist hnpc nt lu liic\ ;iig anv result. 

Methoiis of malarial prevention applicable to large aaavc communities seem 
confined to some form of Anvphdes destruction, either by superBcial drainage or by 
the continuous labours of a mosquito brigade. The administration of quinine, 
advocated by Koch, though so eAcctive under the conditions at Stephansort, could 
not, we feel certain, be applied with any measure of success even in Freetown or 
T-agos. With regard to .7«o/)/r«'/t'j destruction, if ilr.iinage can be carried oat, tt 
would, in our opinif)n, be successful in preventing native malaria. 

2. Thk Prkvention of Mai.aiua in F.UROPEANS 
In 1900, working on the Cold Coast, we ,ui\ <>i.;>tcd the protcctinn of Kuroix-ari!. 
in Atrsca Ix-inn ar present the ]iro[HT .ind le^iiamate object ot our liiir.:e<; res<iun.c'- 
in Africa. W e gave reasons for believing that a system of segregation from tfie 
native, carried out as opportunity offered, would be far more effective than any other 
prophyhctic measure within our power. We have already seen that the malarial fever 
to which the European is subject is due to the fact that he lives amidst the natives, 
or with the native at his door. We would emphasize again the fact that these con- 
ditions have irnpres'jfd themselves upon us so vividiv, because our experience of them 
has not l)een that of a passing observation, but one derived from actual !v living under 
them. We have enjoyed the hospitality of very many Eurojieans, and luve slept ;ri 
the bungalows and quarters of ofltcials, railway engineers, missionaries, settlers, traders, 
in quarters in the centre of native camps, always with the inevitable native huts in tiie 
com}iound, and in all, these conditions held good. Realising the danger of sleepitig 
under such conilitions, we succeeded in preserving our health only by most constant 
and unremitting care in the use of personal precautions. Such precautions we, how- 
ever, found were generally so irksome that men preferred to run the risk of infection I 
rather than bestow the necessary attention to then!. .Although we usrd mosquito 
nets we found it necessary to employ an extraonimary and troublesome degree of 
care in their use in such conditions as are usual in African up-country stations, 
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we believe but few men would employ them with sufficient Ciire to avoid infection in 
such places. Similarly with regard to houses protected with wire gauze. Even where 

the oppressiveness of the climate would not preclude their use, we consider that it is 
onl}- b) a constant vigilance that but few men would exercise that such measures 
could be succe'^'^ful. 

As a preliminary step to all other prophylactic iT'.casurcs, and as one likely 
more than any other to minimise European malaria we, therefore, advocate ' Segre- 
gation from the Native/ 

Since we first put forward segregation as a principle to be followed whenever 
opportunity olleml, it has been recognized by some authorities* as the first law of 
hygiene in the tropics ; on the other hand it has met with criticism. Much of the 
latter isevidfntlv h;isrd on niisfakt-'i tK>fions of what is meant by sepre^atinn, an^l 
what segregation entails. Segregation as an anti malarial measure ilocs not, for 
instance, mean the avoidance of intercourse with the native. Nor does it mean a 
lessening of the power of control of the native. It has been 8«d that segregation 
means giving up a country. Such a notion could only arise from a complete mis* 
conception of what is meant by segregation in this connexion. The fact that in India 
segregation is almost Universal ^ccms to US to effectively meet such objections. In 
India we do not, except rarely, find P'uropean dwellings anil native quarters crowded 
together, hut almost always a well-desinncd F.uropean quarter, quite di^^tinct from the 
native ba/aar. Yet in In<lia there can l-c no question of loss of touch with the 
natives- rather on the contrary, an increased respect oti their part. 

To talk also of the impossibility or impracticability of segregation in Africa is 
absurd, beaiuse a most excellently carried out scheme of segregation already exists at 
Accra (Victoriaborg)) and to a less extent at Old Calabar, which places are noted on 
the West Coast for their comparative healthiness. Moreover, since We first advocated 
such measures they have been advocated als i hv ANM- rrand ni'TTov (Serond Liver- 
pool Expedition) as applicable, above am otluiN, to Nifjcriti. TIksc authors had 
actual experience, during many months, ot the condition under which the Kuropeaii 
lives, and they advocate segregation as strongly as we do ourselves. 

Further, Logan TAyum^ himself engaged in destructive measures against 
mosquitoes, says,t 'When suitable ground can be had 1 think it better fiar the 
European to live away from the native town. In Accra the Government officials 
have gomi bungalows away from the native towr^, fnrmniij a proper European quarter 
(Victoriahore). :Hui this arrangement is found to work wcll> and Accra is the healthiest 
town on the Gold Coast.' J 

* M«aioa. frjdnioatr, 1999. Aoa;t( mii l)ut:oa, Utatii LitMJtciaa Livir/mi 

t Srtwtf tngrm Ktftrt A* Camp^ aftbut Mvifitm m Shrn Lttmt. LI««f pMl llnivenilf Fkm. 

I 'rhjt *f;^f;;.Tlitm i* .1 prictK.il nu-nfiire iherv i* iiictt-niing cvitlcluc tit Oic\» . Th:i5 AklMS (Nif^rii) * .t h(itbv4 of 
''vir md dijeair,' »i.';rri;jli<in Im, been ctTccfcil (tt^iiclliii w illi 'It.iiii i^r niiil ttic rrt.-ul.ir .i'lmiHi«tr.>tigin «f ^«ipiiie 1" Eiirupexn*}^ 
^''1 it now one of the heilihicM auiioni in Wm Africa. {Brir. AM. J»»n>^ April tt, tjO), p. 914.} Fuilhcr Mjre- 

iAici\ K'hrmci ht«c been cwricd out at Sccoadc* and Cap« Coaat Cntlc. 
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PRACTICAL APPLICATION OF SEGREGATION TO VARIOUS 
CONDITIONS OF UFE IN TROPICAL AFRICA 

Since we feel very strongly that the segregation of Europeans is the first step 
tn the prophylaxis of malaria in Africa and other tropical regions, we think it desirable 
to show how in practically every condition of life this principle can be applied. 

So far prophylaxis (Jostructivc measures) has been liirccted entirely against 
the malaria of large towns. It even, however, we couKl make fhr large towns of 
West Africa hcnlthv wt- shonhi srill have an fnf^rinri.is tc\ cr .iiui tic-ath-ratc amon^ 
Europeans on the Cuu.ss, quite halt ot whom hve in out-stations, and the great majority 
of whom make very fi equent tours. Moreovo*, it is in ma-^uukm that Europeans 
are chiefly in need of protection. Whereas we found that residents in towns ctijov ed, 
on the whole, fair health, it was in out-stations that we chiefly found men in the fever- 
stricken and miserable condition so characteristic of tropical Africa. We woulii point 
out then that something more than anti-malarial measures in large towns is nccJcdif 
much impro\ emrnt in the health of Kiiropcans is to result. 

It is here that ' Mgregation * hoKIs mit such pros[K'Cts of success. Not only is 
the formation of u European quarter in large towns a fundamental law of health, but, 
as we shall show, in out-stations, railway camps, mission stations, in bungalows, in 
tea or coffee gardens, in expeditions, military or otherwise, in ordinary travelling, 
segregation is equally applicable. 

Before malaria is made to decrease among Europeans in Africa it must be 
generally recognized that malaria 's ;ifi 'nfri tions <iisease, and that it present in 
practically everv native hut. W fun tins is the ca^L■ ?n<.ii will rcr'usc ullow in their 
compounds squalid grass and palm-leaf huts ; they will cease to build their bungalows 
among or on the outskirts of villages ; they will be extremely careful where tbq' 
sleep when travelling, and it will he the duty of the medical oflicers of mining camps, 
railways, and military expeditions to absolutely forbid the forming of any camps near 
native huts, or to allow these to spring up in the more fiermanent camps. 

1. Segregation in Large Towns 
We have two noteworthy instances where in large towns segregation has been 
carried out most effectively, with the result that the two segregated communities^ Accra 
(Victoriaborg) and Old Calatur, are notoriously the most healthy on the coast. 

Moreover, i>i any large town where such complete segregation on a large scale 
is not ijiinKxlMrt iy applicable, the principle shouUi be borne in mind, and as ripporturt:ty 
offers, huts siiould lie removed and Kuro|iean houses built in the open. Tnus, at 
Lagos, a well-designed quarter could, we feel sure, be gratlually formed, and would 
place Lagos in the same category as Accra. At Freetown, we believe arrangements 
are now being made to remove the official quarters to a s^egated site on the hills,* 

• I'lapiK-il <it<' fi>r Kiiropi'in n o iriu i-. ii) the Sirm L«on( bJlb. SicpliciM and CbiiMophntb fj^ Mtfirt It M'i*"' 
Lsmtmttref Kcyst S^nrj/, Hatritua ic Son,, LQn>ioiu 
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and ac Cape dast Cude dao a site for oflidals has been chosen, well removed from 
the native town. The plan then to be ibllowed in towns is the fbnn»tion of a Kuro- 
pcan quarter as distant as poasibJc from native huts, and no better examples of this 
can be found than the arrangement in India of a European cantonment and native 

2. SBGR«»ATtON IN OvT-StaTIONS 

The terrible sickness and mortality resulting from the practice of the 
European living amidst native huts was nowhere more forcibly hrouaht t ) our 
notice than in the camps of engineers and other employees cngatjed 0:1 railways 
dmJc t construction. ] A(.-r\ SLftlemi'iit and every camp showctl the same most dctidly 
practice ot allowing numerous native huts to be erected actually in the compound 
in which dwelt caiup followers and their numerous families (children). To this fact 
alone is due the excessive sickness from malaria and, as a consequence, also blackwater 
fever on railways under construction. The working in swamps and the turning up 
of soil are in no way responsible, and a single instance will sufRce to show to what 
railway engineers owe the n^a!ai ia they so markedly suffer from, for never did we 
surrccd in finding an exception to this deadlv arrangement of native huts (with their 
constant fever siij-'ply) and European dwellings close at hand. 

The Lokomcji Camp on the Lagos Railway (see plan) ; — 



Plan of Lokombji 




About hait-a-dozen Kuropeans lived in this enclosure. In it there were no 
less than thirteen native huts with, at a guess, one hundred inhabitants, men, women, 
and children. 

This is more than enough to exji^n the constant sickness among Europeans 
here, but in addition there is a second crowded native compound, and a third within 
one hundred yards. When we consider that every one of these huts is a source of 
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malaria (for actually one-half of the AmpheUs caught by us contained parasites in the 
stage ready for transmission to man) it becomes at once evident that a most 
unfortunate and disastrous mistake has been made by the Europeans living here. 

In such a case as this the engineer in charge of the section has the [xjwer of selecting 
a site, atul has ahsoKjte power to forhiil the huiKiing ot any huts within am distance 
he chooses. When the luiropean fully unvierstands the certain danger to his health 
in living under such conditions, he will absolutely refuse to submit to such 
unnecessary exposure to danger. With ease, on a railway, a well segregated site 
for Europeans can always be provided. We shall see that a quarter to half-a-mile 
is ample, and some protection is ensured often by only a few hundred yards. 

We have given a railway camp as an example of the evil effects of living 
amidst native huts because here, perhaps, most markeilly did we see the result in the 
fever-stricken, anaemic Kuropeans, subject, more th;ni any, to blackwater fever. The 
coiu;:ri'>n of lite is, however, equally typical ot all our- the planter, 
missionary, trader, and even (iovernment oiBcials live universally under similar, 
though usually less deadly, conditions. In nfany such out-stations the condition 
could be remedied b) very slight cfiatjges, the removal of a few hovels : often ^ 
single grass hut has been the source of perpetual fever among the Europeans living 
in a house. 

Wc do not say that no native servant should sleep in a compound [thi>UL:h 
pers'nmllv we found no inconvenience in allowing our servants to sleep awav), for :t 
IS not III the presence ot one or two miult servants that the tianmT lies, inir in thr 
numerous families (with children) crowded into the dark and du ty huts so universaJij 
seen at the European's door. Once the fact is recognized that it is from the crowded 
cooly lines and native quarters that the European derives his fisver, we feel sure that 
the whole hygienic aspect of these fever camps will change. 

Segregation on Military anu othhr Expeditions and for Travellers and 

Sportsmen 

The facts alreaiiy put forward explain also why military expeditions in Afria 
are attended with such a large amount of sickness and so terrible a mortality. As 
an example of the mode of contracting malaria on military expeditions we may 
instance Prahsu, a well-known haltiitg place on the way to Kumasi from the Coast. 
It is problble that every man passing up or down to the Coast during the Ashanti 
campaigns slept ;it least a night at this station. From plans of the condition there, 
European quarters aiul native huts in close proximitv, it is at once evident that hert* 
at least was one of the sources ot the sickness and mortality among Euro^Kaii troops, 
and not in the * climate.' 

In native villages the native porters are able to procure food, and here gener- 
ally a clearing is found ready for a camp. So that it is the almost invariable pncdoe 
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of CraveUm of all kinds to camp in the village clearing, often to sleep in the native 
huts. 

Here, again, we find the inevitaUe result. Although the traveller may not 
pay much attention to their bites, the Anopheles from the huts have injected malaria 
parasite'^ (sporo/nit?;) into his Wood, and ten days later he is ' down with fever.' 

Here-, bricfiy, though it is a most irnporfant practical jviint, wc must consider 
the question of flight of AnopbeUi. As the result of very numerous observations 
and experiments both in Africa and India, we may emphaticaliy state that AmphtUs 
do not often fly a quarter of a mile, and practically never half^t-mite. We are 
considering, it must be understood, the habitual, not the possible maximum, flight. 
Amopbeksy in fiut, tend to leave but for a short distance the thatched huts in which 
they spend the day, and although we give a quarter of a mile as a maximum flight, 
yet a segregation of one hundred yards from a native hut is infinitely better than 
none at all. Also, every natural obstacle tends to aid segregation, and should be 
taken advantage of, as the ridge of a hill, a belt of trees, bananas, bainbooSj etc., and 
though a well-isolated dwelling, with no native £imilies within a quarter or half-a- 
mile, should be aimed at, yet when native huts exist which it is impossible to remov<^ 
they should be as completely screened as poamble by the planting of bananas, etc. 

To sum up these various conditions we may say that a European who 
pitches his camp or builds hi*^ |>ermanent quarters half-a-mile, to take an extreme limit, 
trom any collection of native huts, however small, will avoid infection otherwise 
almost inevitable, and if in his compound he allows only those servants absolutely 
necessary, he is in a position to escape the dangers of life in tropical Africa. 

PERSONAL PRECAUTIONS 

We cannot emphasize finally too strongly the need at present for these. We, 
ourselves, by unremitting care, completely escaped contracting malaria during over 
three years' residence in Africa and India ; in places, too, where, more frcquentiv 
than not, the deadiv conditions we have described existed. Ainon^ these precautintjs 
wc place llic proper use of a mosquito net as by tar atui away the greatest means of 
individual protection. 

I. MjBSfKito net. — ^The net should be square (not a bell net), should not 
have a sin^e, even minute, hole^ should hang inside the poles if these are used, 
should be tUcked in IMi/«r the mattress, and should nol trail on the ground, A piece 
of closely woven material, fastened on all nniiui at the level of the body is a necessary 
addition, in order to protect the limbs during sleo[i, troni bites through the net. 
When not in use the ends of the ivet should be twisted up somewhat, and then 
thrown over the top. We always arranged our nets ourselves, never trusting to 
servants, and further, to be doubly certain, we always carefully searched the interior 
with a candle before going to sleep. To these minute precautions, solely, we attribute 
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our absolute freedom from malaria. Employed without care and attention, a 
mosquito net is little protection in such malarious places as most up-country African 
stations. 

2. SuhsUiiiry measures. — In many of the more malarious places we visited 
we considered that other subsidiary precautions, such as will suggest themselves to 
any intelligent {xrrsnn, were alsQ necessary. To protect our l^s and ankles, for 
instance, we auisidered it necessary to wear thick trousers, with puttees, or the very 
convenient so-called mosquito boots. The &ce and hands are not in waking hours 
very iikely to he bitten by ^nopheies^ though they are very likely to be bitten by 
various species of C:i!i'X. It must he utidfrsrnnd, however , tl).it for precautions to be 
effective in hadly malarious places considerable care and thoughtful ness is entailed, 
ami few lullowed our example. 

3. Quiitine. During the whole of our three years' life in the tropics we 
found it quite unnecessary to use quinine. If, however, the bites of ^HcpAela 
cannot be guarded against, quinine should be taken as a prophylactic. We connder 
Professor Koch's method of taking fifteen grains on two successive da)rs in each 
week as the best. Repeated small doaes are of doubtful efficacy. 

II. BLACKWATF.R FE\ IvR 

Consideruig tiic fatality ot this disease, and the fear it inspires in the European 
in Afi:ica« we fully realized the importance <^ trying to solve the vexed question of 
its cause. 

We believe that facts observed by us, based on direct microscopical evidence, 

have placed on an absolutely satisfactory footing its malarial nature. The importance 
of this has a t»rcat added valin.-, lKi.,iusf it follows that the prophylaxis is identical with 
that of malaria, and the KurojKan who can protect himself from attacks of malaria 
will have no fear of contracting blackwater fever. 

It has been held by the majority of competent observers in recent years in the 
tropics, notably A. and F. Plbhn and Ziemann, that blackwater fever was malaiia] 
in nature. The most important objection to this view is that a microscopical exami- 
nation of die blood in blackwater cases is generally negative, f.A, shows no malarial 
parasites, or so few as to make it doubtful if they could be associated with the attack. 
This theti was practically the state of our knowledge when we commenced our work 
on this tcvcr. 

In our investigations into the ordinar)' forms of malaria, however, in the 
tropics, we soon recognized that in severe malaria also, an examination of the blood 
might, in certain cases, reveal no parasites, or in other cases very few,quite insuflident 
apparently, to account fiM* the severe symptoms. Such cases were those in which 

quinine had previously been Taken, m that it was not an uncommon experience for a 
blood examination to show, before the taking of quinine, numerous parasites, whereas 
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hter, while still high fever and severe aymptoms continued, parasites might be entirely 
absent Nor was it exdiisivdy in cases where quinine had previously been taken that 
pamsites were absent. In certain cases, though we believe these are cotiiparativdy 

rare, parasites may be absent, or if present, are so few in number that they bear no 
prnriortinn Tn the scvcrify of the attack. And, indeed, our expericnee hns been con- 
liriiieJ by others working both in the tropics and in Europe, by Cei.i.i, Ziemann, 
ScHAUDiN.* Thus the last named &ays, in case 1, parasites were present during the 
attack and during the intervals of the fever, but in case II they were almost always 
absent on the day after the attack, and during the attack they were very scanty, 
although the fever was extraordinarily severe. 

We were led then, in such cases as these, to seek for other proofs of the 
m:!!ann! orij^in of the fever. Two such methods were adopted by us : the first consisted 
::i a thoroiiL^h search in extensive blond tihiis tor pipmented leucocytes, which are 
evidence of a recent attack of malaria. The second was by a determination of the 
relative proportitm of the dilRerent varieties of leucocytes in the blood. We followed 
nut this line of observation at length, and found that in malaria a relative increase of 
the large mononuclear leucocytes took place, and were led to convder a value as high 
as twenty per cent, as evidence of an antecedent malarial attack. Similar observations 
had also led Tork, whose work was then unknown to us, to point out the Jiapnostic 
value of this increase in the diagnosis of malaria. \Vc have, then, two auxiliary 
methods in the diagnosis of malaria : — 

1 . The detection of pigmented leucocytes. 

2. The increase in the percentage of the large mononuclear leucocytes. 
Applying these subsidiary tests to blackwater fever in which parasites are, as 

a rule, absent, we were able to show that nearly all of these cases, apparency non« 

malarial, arc, in fact, nularial, presenting pigmented leucocytes and an increase in the 
large mononuclear leucocytes. In our first series of sixteen cases, although only in 
three were parasites touiKl (aliowt 19 per cent.), yet using these subsidiary tests no 
less than 93*7 per tent, were shown to be malarial. 

We thus, as a result of our work, established, on a microscopical basis, the 
proof of what had been previously mainly conjecture. 

Bhtckwater fever, then, is malarial in ctifpn. It cannot, however, be considered 
as simply a severe form of malarial fever, for there is yet another side to the question. 

In i860, ToMASFi.t.i first |nihli«;hed a series of cases in which •^vmptom*; of 
''i.a ku ater tever fnllowed iipui! the .uitiiiiiistiMtion ot iHi:nir'.e, not nece-^sarily in large 
uoses, but almost invariably in those who had sutfcred much trom malaria. 

A. Plehn and F. Plehn, in the Cameroons, have published most accurate 
histories of very many cases of blackwater, and with very rare exceptions they always 
followed upon the administration of quinine. 

* jtfnltMn^ «. L GttuuUtiliMM, i. S|4, B4. cii. 
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Koch has so strongljr advocated the quinine factor in blackwatcr that it 
appeared at first as it" he denied its malarial origin, but this is not so, as is quite clear 
from h'S later writings. He holds that quinine is the immediate exciting cause^ but 
that a predisposition, determined by many attacks ot malaria, is nccc;.iwir>'. 

Many of those who hesitated to give their assent to these views now acknowledge ' 
that there is such a thing as quinine haemoglobinuiia occurring in malarial cases. This 
acknowledgment amounts to a recognition of the quinine origin of blackwatcr fever, 
for the two conditions are absolutely indistinguishable. We have ourselves seen cases 
which were to us clearly of this nature, and our views are summetl up by saying that 
blnckwatcr tcvcr is a <ii«;ense malarial in oriijin. and depeinlcnt on l>!i>nj rhan^r^ 
(Kt iirrini^ .itttr riiany malarial attacks, am! i;ciur.ill\ , if not always, in relation to .111 
actual attack, but that, also, it is undoubtedly almost invariably induced by the taking 
of quinine in this ataie. 

It has been aigued that if quinine is the cause of blackwatcr fever it is a dan- 
gerous drugt and shoukl not be used in malaria, but this argument is not a good one. 
It is, as wc believe, in the malarial chronic that blackwater almost always occurs. V\( 
believe that in such a oerson quinine is dangerous. If, however, quinine is cfficieiuly 
used as a preventive of malaria, tin fear need be held of it. It is inadequate quinine 
treatment, Ix-cause malaria is thereby not really combated, which is the danger. . 

While then wc consider that the malarial origin of blackwatcr fever has bccc 1 
established by us on a basis of microscopical evidence, yet we may briefly conndcr 
some other aspects of the question, as it will enable us also to answer some of the 
objections of a purely general character, which have hitherto been raised against its 
malarial origin. 

I . It has been urged that the distribution of binckwatrr fever and i^ialaria is no: \ 
the same, liven if rh<s <;r.)tement were rrur, it must not lie forgotten that the di^ri- 1 
butionofmild malaria and severe malaria is by no means the same. Thus, the 
mortality from malaria in the few still remaining ibci in Northern Europe is in no way 
comparable to that of the Roman Campagna, nor, again, is the severity of malaria in 
Northern Italy comparable with that in the South. We cannot, indeed, speak of the | 
distribution of malaria as a whole. If, however, we confine our remarks to regi on' 
of intense malaria we Inrlieve that the distribution of blackwater fever will be fouiiJ 
rn tally exceedingly closely with that of malaria. The distribution of blackwater fevr 
is, we believe, considerably wider that\ is generally supposed. Thus in the Bengal 
Duars, in India, blackwater was found by us to be as common as in Africa, a fact to 
which the literature of the distribution of blackwater fever gave us no clue. 

Further, in Madras we discovered the eidstence of blackwater fever, die 
existence of which was quite unknown, even to medical* men in India. We bdieve, 
in fact, that there is rather a very close and even exact parallel between the distri- 
bution of blackwater fever and severe malaria. 1 
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2. Alt accurate history of blackwater fevvr cases will always reveal that the 
patient has suffered more or less constantly from |>revious attacks of fever, and that 
for a day or two previous to his attack he has had a more or less markedly high 
temperature. That this temperature Is of malarial origin is shown by microscopical 
evidence, for, 

3. It th(. hloiui ot a patient about to suftcr from blackwiitcr tevcr is 
examined by chance before the onset of the disease, and before the taking of quinine, 
it is almost invariably the case that malarial parasites are easily found. An examination 
of the same case after the onset of the blackwater is, however, most frei|ucntl\ 
negative as regards parasites. Thus Paksb,* in a recent paper, found parasites without 
exception ill all those cases which he was able to examine immediately before the onset 
of the hacrnoglobinuria ; and arrives at exactly the suitr- conclusion aS ourselves as 
to the direct dejx-ndence of blackwater on niahirial ntcction. 

4. That blackwater fever affects rcsuicnts mainly in their second and third 
> ear suggests that it occurs in conditions of chronic malarial infection, and is st. ongly 
a<rainst a view which has been suggested that blackwater fever is due to a special 
parasite. Thus BERBNCER-FERAUDt gives the following data : First year, 5.4 per 
cent. ; second year, 22*5 per cent. ; third year, 42-5 per cent ; fourth year, 20 per 
cent. ; fifth year, 4*8 (xrr cent. 

5. Again, the fact that, in West Africa and other regiotis where blackw irer 
fever occurs, Europeans die nor sn much of malaria but of blackwutLi tever seems 
to admit only of one conclusuxi. To give more exact figures, it appears that in the 
German Colonial possessions, out of 3,000 cases of malaria, there were eight deaths 
only from ordinary malaria, but sixty-two from blackwater fever. However we con- 
sider diese general points they all clearly point to the malarial or^in of blackwater 
fever, though, as we have said, the real evidence depends upon the microscopical 
evidence of malaria in blackwater. 

Blackwater fever, then, is malarial in its nature, and its prophylaxis is con- 
sequently identical with that of malaria. 
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ERRATA 

In ji.kno\vlcd^iiiciU, liiu- 1 1, tor 'I.lcut. G. C. Youxti,' read ' Lieut, (i. C. Th^cv.' 
P. 4, I. 2 5. For • rojjul.ir,' read ' irrc^juLir ; ' for ' r.irrlv.' read ' rexiiily ; ' (or 

" up,' read ' ofT." 
V. g, I. 33. For ' l.icut. Younc;,' rcid ' l.icu;. ThjiCV ' 
P. 10, 1. 19. For ' Mr. Bakkoi^,' read 'Mr. BuDukii.' 
P. 10, 1. 34. For *cus cm," n»d ' koos'kaas.* 
P. 10, 1. 34. For * Lieut. YouNj;,' rcjj * Lient. Tii*cr.* 
P. 1 1, last line. F<m- ' ground,' rciid * drain.* 
P, 16, 1. > I . For * mosquito * read * matKjuitOM.* 
F. 33, 1. 22. Fur * mu«qiii(o rtiom/ read * anii-moMiuiio-rovin.* 
P. 34, 1. For ' lountry,' rc.i.1 * coinmunity.' 

P. 34, 1. 37. BcJorc ' water,' read ' tidal.' 

P. ]6» L %6. PrafeMor Hekoman h*» recently kinily identinel Tor me the 

s}K.viilui>-> of' fish Li'^ct* fri>.Ti ihc iniiii drains of BuhurM { tWO 
specimens so Ur occur, Thcj' are ; — 

Hfmkit*mi$ Unutnlatm (Giu.). 

Ckimh maavefJUthi (Blbkur). 
P. 39, 1. 30. Fur ' great,' read * greater.' 



not necessarily require such spcdalized breeding places^ for if from any cause they 
were absent these mosquitoes would breed in any collection of water, just as the genus 
CuUx. docs. 
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I. PRELIMINARY 

DURING the past twn yi'iirs a great deal of (.'iu-r-^;V has been displ:iyt.\i m m.iny 
parts of the world to put to some practical use the great discovery of the 
definitive host of the makria parasite. The knowledge that the mosquito 
is responsible for the transmission of malam has immensely increased the possibility 
of combaong this disease by prophylactic measures. The measures which have been 
recommended by various investigators naturally group themselves under two heads — 

1. Destruction nf the parasite in its intermeduirv host, man. 

2. The prevctitioii of the rransforcticc of the pnrasitc trnm one host to 

the other, vii., from man to mosquito, or mosquito to man. 
Under die latter group many methods have been advocated, and much 
literature has accumulated during the last three or four years. The modes of attack 
have centred round the vulnerable stage in the life cycle of parasites in general, viz.> 
the transference from otte host to another ; thus in the case of the malaria parasite the 
points aimed at in this stage are — 

1. Destruction of the definitive host, the mosquito. 

2. The prevention of infection of the mosquito. 

3. The prevention of inoculation of man by the mosquito. 

It was hoped in the early stages of the work of investigation on the mosquito 
cycle of the malaria parasite that it would be a matter of OOmparativety little difficulty 
to destroy the parasite in tliis stage of its history by means of the destruction of the 
mosquito carrying them, especially as only one genus ot the (.'uit.uuu- {.Inopheir:') was 
implicated. Major Ross, in India, and other investigators had pointed out the broad 
fact that the genus AnopbtUs required, as a rule, breeding-places of a rather special 
character for their propagation, very shallow surface pook of sufficient depth to last 
over a week. By the prevention or treatment of these pools it was thought that die 
mosquitoes could Ik done away with. Maps were made marking out the distribution 
of such breeding places throughout certain districts with tl^is ohiect in view. Later 
oti it was shown that certain nictnlicrs at least, it not the whole genus .hupJiek^, did 
not necessarily require such specialized breeding places, for if from any cause they 
were absent these mosquitoes would breed in any collection of water, just as the genus 
Cukx does. 
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Up to 1899 some one hundred and twenty-two definite spedes of the 
CuBeiJae were described. Since that time many collections of mosquitoes have been 
examined from all parts of the world. Mr. F. V. Theobald, at the close of last year, 
as the result of an exhaustive examination of past works and new material, has 
rcmodcllcil the classitication of the Culicidaey which he has grouped into some twcntv- 
two genera, and has described some one hundred and thirty-six distinct new species in 
his Monognipb tn ibe CuSddai of At Wwld. To this number must be added some 
one hundred new species which he has not yet described. 

As yet onl)- a few of the great number of mosquitoes have been investigated 
with rcpnrJ to the important point of whether or no fhev rnn act as hosts for the 
maiana parasite. In fact only a few species of Culex have been shown to be incapable 
of transmitting the disease. 

When it was considered that not only malaria but other diseases were con- 
veyed by moaquitoes, for example, filaria can develop in two genera, Cukx and PantpUtes^ 
and that yellow fever is certainly carried by onegentts, A'^mv^, there arose a tendency 
to look upon all mosquitoes as harmful, and that their judicial destruction, as (ai as 
possible, was an oHiectto he nimed it. I low t irthis end can He nttnineJ is at present 
sub judue^ Inn have evidence that certain districts and towns lend themselves readily 
to this object. 

Experiments under this head are at present being carried on in West Africa 
and in Havana. On a smaller scale similar experiments have been carried out in 
Hong Kong and Statin Island, New York. Major Ross chose Freetown, Sierra 
Leone, for the scene for an experiment, to see how far mosquittrcs can lie diminished 
in a certain area, one of the most liifficult places on the West Coast to tackle. Me and 
Dr. Logan Tavlor, who was to direct the work there, arrived on July 2, 1901, and 
at once commenced the campaign against all varieties of mosquitoes. As yet the 
experiment is not completed, but a great diminution in the numbers of these insects 
has already been brought about. 

In f Havana the work of exterminating mosquitoes, by the destruction of their 
breeding places, was commenced soon after the discovery that yellow fever could be 
transmitted by the bites ot the comnnm mosquito, Slegomyiti J,iscuil,i. Major and 
Surgeon W. C. Gokgas, in his January report to the Military Governor, states that 
out of seventeen thousand houses examined during the month by the ' St<gomyia 
Brigade/ in four hundred and eleven only were ntosquito larvae found ; the preceding 
January, larvae would have been found in all of the houses. Not only have the mo$- 
quitoe'^ !' ;iinished, but Havana has been for the last four months, October, November, 
December, January, entin f\ fi t\ from yellow few r. This result is certninlv verv 
encouragint^ when we comparr t'u- evalence of yclKnv tt x cr there durinL: rriL- s.n-!ir 
jieriod of the previous year, wneii the average number of deaths from this disease was 
146-49. 
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IL TOPOGRAPHY AND STATISTICS 

St. Mary's Island avd Bathwrst 

St. Marv > I bland is a long, low-lying island at the mouth ot the River Gambia, 
extending roughly from north-cast to south-west along the south bank of the river. 
It is about four miles long and Iutlf-<i-ini1e across at its widest part. The island is 
only separated from the mainland by a small creek, which, at the north-west corner, 
is bridged across. One fairly gcxni road runs the length of the isl.iiid, from t'tc rown 
of Bathurst nT the one end tn the Creek B' ivlge. This ro.id runs along the beach, 
separated from it tor the most part by nioimds oi sand and scrul'. On the south 
side of the road an extensive mangrove swamp occurs, and in places encroaches on to 
the road. 

The town of fiathurst is situated at the east corner of St. Mary s Island. It 
occupies an J-^haped area of land, the long arm of which is almost separated from 
the island by an encroachment of Oyster Creek at the back of the island and the man- 

orove swamp. There is on!v a distance of some two hiindret! vards l>e1"woen the 
swamp and the beach, sn th.ir tliis area is for tlu- most part cut off from tlic ishind, 
and is surrounded by a broad expanse ot water on ail sides, to the north and west by 
the River Gambia, which is here about four miles across, to the south and west by 
the creek separating St. Mary's Island from the mainhnd. In this area the land 
scarcely reaches the height of four feet above sea-level, the greater part of it 
being situated below the sc.a-level. Altogether it is scarcely a square mile in extmt. 

The formation is of light sand and loam on the surface, followed by denser 
loam which rests upon the water-bearing sand and silt, about eight feet under the sur- 
face. This area is well though not too thickly wooded ; stimc very fine trees occur 
in the town. 

The town of Bathurat is very well laid out. The chief streets are broad and 

run parallel and at right angles to one another ; in fect thereare Very few narrow streets, 
even in the strictly rintivc quarters. The chief houses and factories in the princijxil 
street, WelHiigtou, tace the niouth rif tlie ri\'er. These houses are built of stone for 
the most part, the volcanic iron stone which occurs in great quantity across the river. 
These houses are very cool and airy, and the rooms are large ; they were probably 
built by the French. At the back of each house there is generally an enclosed 
pece of ground used as a garden. 

Unfortunatdy, in Bathurst, the houses of the Europeans are not segr^ted 
from the natives, manv of the travicrs and (officials* houses, particularly, being sur- 
rounded by native compounds. Government House, the Colonial Secretary's house. 
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the Hospital, and the Tel^aph Station are slightly better in this respect, but here 
only a road (Gifton Road) atid an open space about one hundred yards across sepante 
them from a bad portion of the native town (Portuguese Town), and on diis porti<Mi 
of land a few huts are present. 

In the centre of Bathurst there is a fine open ^pace, McCarthy's Square. On 
one side of thi^ ^ijiinre is a verv picturesque buikluig, the Barrack'?, occupied during' 
the time I was at Bathurst by a West Iniiian Regiment. The creek sep.iiating St. 
Mary's Island and the mainland commences at the back of the town of Bathurst ; and 
here it is about half-a-mile to a mile across. The ground in this part of Bathurst is 
Vtty low-lying, and parts of it are below sea-level. To prevent the encroachment of 
tidal water a wall two to three feet high has been built. This wall extends for a con- 
siderable distance, the remainder being a mud embankment. Within this J-shapcd 
area of St, Mary's !sl:!ni] describeil above two large swamps occur, namely. Half Die 
and Box Bar. 1 he former swamp is situated in the smaller arm and is not tidal, 
owing to the low wall mentioned above. Native compounds occur all along these 
marshes* which in the wet season are often covered with water. Down the centre of 
this swamp a wide channel runs and opens into the creek by means of sluice gates. 

The other swamp, Box Bar, is situatctl at the back of the town, in the larger 
arm of land ; along its centre ati Dprn drain runs, which falls in a similar manner by 
means ot sluice gates into the creek. (Jn cither side of this swamp the native town 
extends for some distance, as Portuguese Town on the one hattd and New Town 
on the other. This swamp is larger than the preceding one and is paitially covered 
by rank grass and low scrub. Its surface is much more regular* so that the collec- 
tions of water are rarely shut up from the central channel ; there appears to be a 
di<;titict fall, though slight, from the sides to the centre. B ith of these swamps in the 
dry season only contain tidal water, which oozes throutx^i the sluice uates and sand 
into the central channel. In the wet season they practically act as reservoirs for rain- 
water. There is* besides, another smaller swamp. 

Pipulattan Bathurst. — ^The European population of Bathurst varies slightly 
during the year^ some of the officials and traders returning home during the w<t 
season. There are some seventy to eighty persons. The native population t» 
estimated at about fifteen thousand ; they include the Joloflfs, Mandingocs (Moham- 
medaiTs), and a small number of jolahs (P,i<:ans), and a good few Sierra Leone traders. 
Besides this there is a small tiuttuatiiig population of Assyrian traders, estimated at 
about one hundred. These people trade in small articles among the natives, and live 
in an extremdy filthy condition. A few cases of yellow fever which occurred in 
Bathurst last year were supposed to have arisen by means of these people. 

Ihamage of Bathurst. — Provision is made for the carriage of surface water hr 
means of open gutters, which run down the centre of the mnin '-treets. These open 
channels commence at the higher portion of the town as shallow gutters, about 
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dghceen indtes deep. During their course along the streets ^ejr are made deeper in 
order to obtain a good fall until they reach the beach, where some are thirteen feet 
deep and three feet wide. Similar drains fix>m the side streets enter at right angles 
into these drains ; the water from them is discharged into the river by means of 
sluice gates, which nrc opened at low tide. Altogether there are alxiiit h:iir-:i-do7.en 
such gates. The construction of the (irains varic; to a cons'{!ernHle extent. The 
niain drains opening into the river arc square, flat-bottomed, buiii of stone, lined 
with cement, and are for the most part impervious. Further in the town the channels 
are built with stone, but some of them are only partially cemented, either the iron>stone 
blocks on the sides or the bed of the drain being uncemented. These channels allow 
the ground-water to percolate into them at certain seasons of the year. Still further 
in the cetitt c of the town the drains become very shallow and are made of bricks, 
trough-shaped and uncemented. 

Many of the streets have no ' made ' drains as described above, instead, a 
centrally situated trench is dug in the ground, which either discharges into the main 
drain or discharges at the back of the town, directly into the swamp. These trenches 
vary considerably in depth and width, some of them being four feet from the surface 
of the ground. In some of the drains the earth dug nut to form the trench is hviilt 
up on e.thcr side of it thai the surface ot the street t.ills away from the trench. 
Similar trenches occur round compounds, squares, and in the grounds of the Europeans. 
Th^ are for the moat part choked with grass, or natives walking across from one 
side of the street to the other carry with them sand or dibris, converting the drain 
into a aeries of holes in the centre cf the street ; some of them are so choked in 
this way along their course and at their oudets that it is impossible for the contained 
water to escape. At the corners of the principal streets these drains are bridged over 
by low brick arches. In this situation the tlrain fretjucntiv ha? a stone placed in its 
course or a cemented catch-pit has been constructed ; hei e water lodges tor a consider- 
able period after die rain has ceased. Later on it will be shown how many of these 
drains afibrd considerable breeding'-grounds for mosquitoes. 

H^titer Sx^fy.—lHuti-inJter is used for drinking purposes by the Europeans, 
and also by some of the native traders. It is gathered fn^m the roof and stored in 
large tanks. Some of these tanks are fitted with good covers, others are not covered 
properly, so that insects, dirt, etc., contaminating the water, obtain an entrance beneath 
the cover of the tank. The best tank seen was one in which the only mode of access 
to the tank was by means of a man-4)ole at tiie top, with a heavy, fluted, iron lid, 
dilRcult of removal. Some of die native traders also collect rain-water in large iron 
boilers or tubs. These are for the most part inadequately covered, or not at all. For 
dn!Tie"?ttc purposes, water is olitaiiicii by the Europeans from wells sunk in their gar- 
dens. The native population of Bathurst obtain water solely from wells. 

The wells of Bathurst are of two types, namely, deep wcUsand shallow or tub wells. 
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The deep welb occur as public wdls, built hy the Government. In the streets in various 
parf^ of the town there are about a dozen altogether. Simihr wells are present in some 
of the European and native trailers* com [lounds. They arc on the whole ud! built of 
stone ami •steiiK'ti wirh cfmrnt tor a good distance down. A wall two tect hi(,'h 
generally surrounds the well, but unfortunately very few of them are covered in. Ot i 
tifty-Hve private wells examined onfy thirteen were properly covered ; of the puUic j 
wells, one only. Thus it is an easy matter for these wells to become foul ; this is 
generally due to sticks, half-peeted oranges, pawpaw rinds, and other rubbish throwo 
in hy children. The depth of these wells varies from fifteen to twenty feet. The 
second class of well, the sm;ill tub well, occurs chiefly in the native compounds and 
In the eanlef^s nf the Europeans. Thev are very shallow, a imle Weing dug al)our I 
three tcet in tiie ground by a native ami a barrel inserted into it, in which water 
collects. The rim of the tub may be flush with the ground, but it is gener«Uy about 
four to six inches above. Close to these small wells in the native compounds^ in 
many instances scarcely four yards away, occur the cess-pit or midden and the 
screcned-ofF }x;rsonal wash-place. It is not difficult to understand how easily polluted 
these wells become. Many of the natives appreciate this, and on enquiry will tell j 
you that they go to the public wells to get water for drinking purposes. j 
CSmate of Batbursi. — With regard to climate, Bathurst represents a contrast ^ 
to other parts of the Coast. Its situation on an island surrounded almost on all 
sides by a broad expanse of water tends to modify the extreme heat and dampness ' 
met with in other parts of the Coast. The dry season commences at the end of 
October entls ar the he^innitiL; of M;u . Durinq these months the li.irmattan 
blows from the inrer:or. ,n;d L;:eat variations between the maximum arivi nun-num 
ten)|>craturc may be rec<jrdeu, a temperature of lOO during the day, while at night 
it is not unusual to have a temperature of 60*. These months are very trying to 
the native population, and many cases of bronchitis and pneumonia occur amongst 
them. During this season practically no rain occurs. The wet season sets in in 
June and ends in September. In the months before and after this period, that is 
April and October, some heavy showers may occur. In these months the tempera- | 
ture is much more even. The hitilu^t m ix.imim rrrnnied in the shade never reaches 
100 , at least has not done so for the past live years ; it is generally about one or two 
degrees above 90*. The lowest minimum temperature recorded for these four months 
keeps about 70*. Chart (I) gives a record of the temperature of the maximum and 
minimum for 19OO. For the last five years Juirts eonstnicted in a Similar way show 
practically the same curves. The rain-fall of Bathurst does not vary much above 
fifty inches, and this occurs in the four months, June, July, August, September. In 
October the wet season ends. After October rapid drying takes place. The wet 
season, owing to the great humidity and absence of any appreciable variation in 
atmospheric temperature, is exceedingly trying to Europeans. 



Digitized by Google 



MALARIA £XP£DIi'ION TO TU£ GAMBIA 



7 



FMd. — Europeans at JBathurst are fortunate with regard to food ; frcAi 
meat can be obtsuned every day. There is a special slaughter-house for cattle, ntuated 

behind the market, which is under the supervision of the Sanitary Board. Fish is 
brought into the town twice Jail)', and is of excellent quality. Ven,' good bread can 
He obt-iined from the various trakicrs, particularly the KrcTicb Comrtanic*; ; the smaller 
nacive traders also sell bread in ttic niaritct. 1 hroughout trie dry season English 
vegetables of all kinds are easily obtainable. Many of the European officials and 
European traders make a point of growing these vegetables, and I observe that the 
natives are, in a small way, imitating the Europeans in this respect. Many of them 
grow onions and tomatoes to sell in the market. Through the eneigy of the French 
Q>mpany ice can be ohtaincd all the year round. 

Disposal of Refuse. — Amongst the Europeans, sand closets are almost universally 
used, being emptied every day by a staff of night-soil men. With regard to the natives, 
public hitrines are provided by the Government. At times it happens that excretal 
matters are washed by the tide on to the foreshore. In the compounds of the more 
wealthy class of natives middens are used ; some of these are of very large size, and 
are not made impervious to water. In the smaller compounds a tub placed in the 
ground is used as a privy. Only (Kcasionally earth or limc is mixcJ uith the excretal 
matter. When tull, which takes from one to two years, the tub is discarded and another 
inserted in a fresh place in the compound. Both the tubs and privies were found to 
be infested with multitudes of fly maggots. The JoUofi, who constitute about one- 
third of the population of Bathurst^ have no middens or tubs in their compounds ; 
instead, an earthenware jar is used to retain excreta, the jar being emptied every day, 
cither in the morning or at nipht, into the river. These people are parriciil.irly rlran 
and tidv arnl take a pride in keeping their compounds in grwul order. Dry retuse is 
removed troni the various compounds by the Sanitary Board s carts, which go round 
the town every day ; this refuse is dumped on the borders of Box Bar swampt 

Prevaletue tf Makria Fevtr in Batbursi. — ^With such a comparatively small and 
fluctuating white population in Bathurst it is difficult to estimate exactly the prevalence 
of malarial fever am(ni<:st the Europeans. From the medical officers' reports, which 
the Colonial Surgeon, i)r. R. M. Korue, very kindly allowed me to consult, 1 was 
able to obtain the following data for the last three years : — In 189.S, out of a total 
European population of sixty-three, twenty-three persons were admitted into the 
hospital for various diseases, but principally for malarial fever. There were three 
deaths for the year, two from haemoglobinuric fover and one 6^om malarial cachexia ; 
daring the year there woe four cases of bla ku ater fever amongst the non-official 
Fnropean residents. In 1899, out of a population of eighty, twenty were admitted 
eturing the year -nTo the hospital, chiefly for malarial fever. Of the non-official white 
population sixty-six were treated during the year ; of these thirty-seven were cases of 
malarial fever of the remittent ^pe and three were cases of haemoglobinuric fever ; 
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there was one death from cardiac failure after enteritis. In 1900 there were deven 

Furopcans In the hosjMtal ; two Jeaths occurred, one from dysentery, the other was 
a sailor huidcJ in Bathurst with an alisccss in the hrn*p. Of the n'vi offiLia! Murnpeans 
sixty-nine were under nu'dical trcatnu-nt ; of these thirty-tivc wen.- nial.iria! tevers ot 
the remittent type, with one death ; seven were believed to be yellow fever, with six 
deaths. It is stated in the reports that the severe cases of fever occar during the 
latter part of the year, from July onwards, that is, after the wet season has fully set in. 
In connexion with these figures the Colonial Surgeon points out that a l^ly Urgt 
percentage of Europeans return to Kngland during the wet months. During the 
p:ist ycnr, itjoi, there has been stationed in BathursT a company of the WVsr Indian 
Regiment. 1 hesc men, though drafted trom Sierra Leone, had tor the most part 
originally come from Barbadoes and other West Indian Islands where endemic 
Rularia does not exist, thus they were in the same category as the white man enterittg 
an endemic nralarial district, and were therefore specially suitable to study the liabili^ 
to infection with malarial fever. Further, no special precautions '^vcrc taken amongst 
them to ward off attacks from mosquitoes, nor was quinine administered as a prophy- 
lactic. The men arrived in April, and were quartered in the barracks, McCarthy 
Square. Some of them went away for a short time m the early part of the year on a 
punitive expedition against some tribes up the river ; altogether there were one 
hundred and d^t men. The following chart shows the percentage of cases amongst 

(Chart I) 

this force admitted into hospital with malarial fever during each month from April, 
1901, to January, 190?., i?iditati\l in the ch.irt hv the thick line. The fever was for 
the most part remittent in thitracter, and the Liiarrnnsis was tn a large extent cnnfirmeii 
by microscopical examination of the blood. The curve does not represent the total 
number of malarial fever cases occurring amoi^st the st^diers, as many soldien suffic- 
ing from only slight attacks of fever were not ill enough to be admitted into hospitd 
With this chart is also given the rainfall in inches^ and the maximum and minimiun 
temperatures in the shade for the year. It will be seen that the greatest percentage 
of malarial cases occurred in the months nf September. October, and N'ovcmhcr, and 
that there was a marked decline troni Decenilx-r to January ; in the latter month no 
cases occurred. During the former luunths innumerable inubLjuitocs are present in 
Bathurst; the rainy season being fully established during July and August has so 
raised the level of the ground water that many suitaUe breeding^'plaoes occur along 
the bnrdersof tfaeswamp and inthedrains, etc. Bcside<; the (i!d observations illustrateii 
in this chart of the relation between rainfall and malarial fever, it is also interesting 
to note that the greatest 5->crcentage of malarial fever cases amongst the soldiers also 
occurred in those months when the variations in atmospheric temperature arc 
least marked, namely, July, August, September, October. The averse variations 
between the maximum and minimum temperatures tn the shade in these months 
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being 25% while in January, February, March, Apri], and May the variation in 
temperature is not less than 40" ; it would appear, then, as pointed out hy Dr. R. M. 

FoRDf in his Medical Report, that the liability to infection occurs soon alter the rains 
are established, lasting up to the end of November. 

Cape St. Mary 

About seven miles from Bathurst, on the msunland at the mouth of the 
River Gambia, s a [promontory ktiown as Cape St. Mary, or simply the Cape. The 
roaj from Bathurst leads dii cctK to it, ami is jtcrfettly level until a distance of about 
three hundred vnnh from thr is rrachcd ; the ground then rises rather suddenly 

to the summit of the promontory about one hundred feet. Cape St. Mary is the 
termination of the low clifTs of volcanic and sandstone rock which skirt the sea border 
to the south of the River Gambia. I had an opportunity of staying there two days 
in the Government House, which is built on the edge of a ciiflF facing the sea, and is 
now used principally as a convalescent station. Ik^ides Government House, a few 
trailers and others have built bungalows here and there aloni: tlic eliflRs. On either 
side ot the road leadint: to GnverntTiciit House, ant! extendi trom !-ip;ht To left, is a 
large Mandingo town, and at the foot of the hill itself is an extensive swamp in which 
the natives grow their rice. There is no doubt that the climate at the Cape is very 
bracing and very beneficial to convalescents after fever. It is extremely unfortunate 
that Government House is situated so near the native village;^ in which endemic 
malaria and other diseases are very prevalent, and also that the rice swamp is so close 
at hand, brcedini; iiiillioiis of nwsi^uitoes, which not only cause much annoyance but 
are a real danger to the rcMdents in the hoii^e This <;wamp ha<l not cnmnletcly 
Uried up on December 27, wlien I examined it, although there had lK:cn no rain for 
two months previously. Many mosquitoes were still breeding in the puddles ; it 
would appear that even during the dry season mosquitoes infest the district, and in 
fact I had no difficulty in obtaining them for examination. The natives collected 
very many for me from their huts, and these for the most part belonged to the 
.Inopbehs genus. About a mile away fi-om the Cape, on the Coast, is another pro- 
montory jutting out into the sea. This presents an ideal site for a Sanatorium, as 
the land at the back is high and level for a considerable distance stretching into the 
interior, and also no na6ve huts appear within a radius of a mile. 

I took the opportunity of travelling with Lieutenant YovMO to see some of 
the stations up the river. Unfortunately only a short time was at my disposal, so 
that no detail work could be done. We travelled up river in December, \\ hen the 
tiry season was fully established. At McCarthy Island, one hundred and fifty three 
miles up, is the most important station ; here there is a Government House and 
a few traders* ftctori«. The island is very low-lying and swampy ; a rice swamps at 
this time dried up^ lies by the edge of the river. Close to the principal native 
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town, and bchiiul, the town, half-a-milc away, there is also another large swun(> 
running along the centre of the island, probably the oKl course of a river. 
In the large swamps innumerable mosquitoes ocrurrcv!. Government House is 
situated close to the native town, surrounded by old stone ruins, which afford suitable 
hiding-places for mosquitoes in the dry season ; there were many mosquitcxs 
about. One European was staying in the Government House when we visited i^ 
and in his room I found, in the middk of the day, innumerable specimens of A,fknam 
and its varieties resting on the walls. A well present in the compound was devoid of 
Ampheki larvae, though larvae <if the Cu'ux t\pe were present in tnimhfr<;. These 
mosqintoc's must have either flown tVom the swiunp .u the hack of the town, where 1 
found larvae in amongst the grass, or niust have been bred in the river ; here 1 
£iiled to detect larvae ; small fish occurred in the crevices and bays of the boink. 
The native town is similar to Bathurst, trenches in the streets drain into the river, 
and in the wet season, in consequence, innumerable breeding-places for mosquitoes 
are formed. Water is obtained by the natives from the river, as there are no wells. 
McCarthv Isl r.ipenr': to nu- to be quite unsuitable to jiermif of preventative opera- 
tions ag-ainst mosquitoes. One must rely on such means as ^eure^.ition :uid fx-rsniul 
precautions against these insects. This latter method of prcLautiun was, I believe, 
very successful in the case of Mr. Barnois, who, in 1898, stayed at McCirthy 
Island for some time without taking malaria fever, a mosqutto net being successfully 
used. 

Anative M.i:ulinG:otown,Baia, was visited, and the country round explored. This 
town was situated two miles away from the river. Hu- country round was [lerfecta 
level, most of it being cultivated ; ground-nuts, cuscus, and a bean l>eing the chief pro- 
ducts, liverywhere the ground was dried up within a radius of two miles ; there 
were no breeding-places for mosquitoes within this radius, except one very deep well, 
forty feet, which had been discarded ; in this well only the Cukx type of larvae occurred. 
In the huts innumerable quantities of . fnopheUs fw:!'' and its varieties occurred, 
which could be obtained at any time ot the il.iy off the walls. So completely was 
there an absence of water that, at the margin of a well from which water was con- 
stantly being drawn, bees, butterflies, and other itisects were present in great numliers 
drinking up the water spilt on the ground. At this time of the year the only breeding- 
places for mosquitoes are in the neighbourhood of the swamps two miles awaj* 
Lieut. Young informed me while out shooting that he came across a tub in some 
fields a short distance from the town in which mosquito larvae u er e present. 1 
searched alon u th e margin of these swamps, but 1 failed to obtain larvae here or in the 
pools dug out for catde. 
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III. ENDEMIC MALARIA IN THE GAMBIA 

The discovery, both by Professor Kocu in German East ltidies,and by the mem- 
bers of the Rojral Society Malaria G>mmissioR in West Africa ( 1 900), of the prevalence 
of malarial parasites in the blood of native children in an endemic area up to twdve 
years of age has given us a mctfuKi l>y which a correct estimation of the presence and 
the extent of malaria in a district can be ascertained by the systematic examination of 
the blood of the children. 

While in the Gambia I obtained some one hundred anti thirteen children from 
O to 1 5 years of age for examination ; the children were chiefly from the town of 
Bathurst and a native town seven miles away at Cape St. Mary ; a few were also 
available for examination at a small Mandingo town, Bwa, one hundred and eighty- 
iive milesLup the river. At Bathurst the children examined were those who came to 
the out-pnticnt department tn he treated fnr v:tr:ni:s ailments, or were brought by 
their mothers, who had come ttuinselves for treatment. 1-ourteen in all were ohtnintd 
in this way, only one of them showing signs of fever (101 "S^) at the time of examina- 
tion ; some were treated for worms^ bronchitis, or injuries. The remainder of the 
children examined were those who came to be vaccinated at the house of the Public 
Vaccinator, Dr. Taylor ; th^ wer^ to all appearance, in good health. At the Cape 
and B.ii.i the children were brought to me by their parents. The blood of many of 
the children at Bathurst was examined in the fresh condition, n-? will as by means of 
smears made in the usual way a ^hs^ slide ; al! tfic smears were staiiad by a 
modification of Romanowsk v s methcxi, recommended to me by Dr. MacConkey. 

From the table (No. I) given below it will be seen that eighty per cent, of 
the diUdren emnined luurboured malaria parasites in their blood, 
and these occurred in children practically equally up to ten years of age (the num- 
bers arc too small to give correct percentages at the various ai,'c periods). After ten 
years of age, out nf thirteen cases examined seven were found intcctcil ; in these cases 
the malaria parasites were rare in the blood ; in fact, in all except in one case, the 
jwasites encountered on the films were very few. 
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TABLE I 

Shiwino NtfMUR OP Children is tmr Gambia Examined and FOtiND Impictid 

WITH Malaria Parasites 



A|c 


N«. BMnniM* 






O-l 


18 


■3 


— 


l-t 


»5 


11 


— 


«*5 


•3 


11 


— 


3-4 


17 


«S 


— 




>7 




— 




9 






6-7 


T 


T 




9-% 


c 


T 




«-9 


Z 


1 






S 


t 




IO + 


IJ 


7 






"3 


9« 




0-; 




64 


u 


5-10 




ao 


9« 


10-15 


»3 


7 


53« 



Time lai opportunity did init pemit «f ilu callccdon of • itt|er terict «r mm \ it wm kumi fipiriilly difcdli <■ 
dMtt cbiMtvn far examinMlan in tmmtfr itiMricn ; Min it will he Mcn tlul tlic matarii lAdet (n Bidiunt i( Wry lu|h, <•< 
(OdMC^HCOlty th* rhtnrf* nf ittfrrtTn?! fKr nc*v-<oincf under nirtablc condi!n^nt tN^- vrry cmt. 

It IS ot iiitcrfst to note the high percentage of quartan parasites (//tJfwjW f'i'';' 
tnalartae) among the cases examined, viz., 31 8 per cent., and also the large percentage 
of crescents {gametocytes) observed in the blooii, vii„ 32 3 per cent., in thoie cmcs 
in which the aestivo-autumnd fever parasite {Haemamtel^a fraMx) occurred. I beliert 
this large percentage has not been obaerved before on the Coast. 

The parasite of tertian fever {Haemam$tka vhax) was only found in three cases. 

The children infected nt Bathurst came from all parts of the town, and no 
indication was obtained frnni rhc cxLimination of their blood that malaria wa*; 
prevalent in one street than ui another ; considering the small size and the equal dis- 
tribution of suitaUe breeding-places for the nnkri«-carrying mosquitoes throughout 
the town, it is not to be expected that at any one part the malaria index would vsiy. 
Table li gives the results of the child examination in the Gamtna. 
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TABLE II 

Shewikg thb NoMiu Infbctid and Natvrb of Infkctioh in Children 

OF TUB Gambia 

CaMtM at BaAartt— 



Mg.Iiiftctid 



0-t 



«5 



II 



l-t 



1 1 



(l) Age ten monthi, Mcml very water)-, aestivo .iutunin»I 
ring forms, Lrc5.i.erus tre^h. preparafion flagellation 
took place rapiiily), pigmented inonunUL]e:ir leucocj'tci 

(z) Age three months, acstivo-autumnal ring forms, pigmented 
mononuclear leucocytes 

(3) Age eight mooths, small aestivo^ttUUDiiiil riling forms, 

few creacenu 

(4) Age nx montlu, hige andunaUquarun fimu, jijgneiited 

maaoBQclear leiKocytea 

(5) months, many ae&tivo-autumnal ring fynat, one 
crescent, pigmented mononuclear teucocytes 

(6) Age seven months, m.iriy acstivo -jutumnil ring toKUttf 

crescents, pigmented mononuclear Icuttxytes 

(7) Age eleven montii:,, .nestivo-autucin.il ring forms 

(8) Age eight months, few MUivo^utumnal ring forou» one 

creHeat 

(9) Age ten mantha, aestwo-aatnmBal nag tomt 

(10) Age eight iii(mtiis,aealiT04atnmnaI ring fonna, pigmented 

mononuclear leucocytea 
(t 1} Age eight months, many ring form«, donbk infectton of 

corpuscles, pigmented mononucl ir icotytes 
Three of the children not infected were under three months old. 

(1) Many aestivo-autumnal ring forms, pigmented mono- 

n in ; car leacocyic* 
(») Ditto 

(3) Ditto 

(4) Ri"K 'orms, large quartan parasite*, flagellating forms in 

Iresh slides, in stained slides maay qoamn gam«toqnies» 
pigmented nummnuclear leucocytes 

(5) AestivcMatunnal ring fonns, pigmented moBonndear 

leucocytes 

(6) Ditto 

(7) Quartan parasites all stages, 6w gamecoqrKa, pigmented 

mononuclear leucoc)m 

(8) Aestivo-amumnjl rings, BunMRHn pigmented monO' 

nuclear leucocytes 

(9) Few aestivo-autumnal ring fimna, nnmerous pigmenied 

munonndear leucocytes 

(i) All stages of quartan 

(1) Aestivo-aotnmnal ring Ibrms 

(3) Ring forms, large forms quartan 

(4) Vcr) numerous aestivo-autumnal ring forms, pigmented 

mononuclear Iciuoiytcs. This child w.is ,in Assyrian; 
had fever two weeks ago ; temperature was 97 4 on 
examination 
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Children at Bathunt — contiiiued- 



I 



N«. SxaMiincii 



3-4 



+ 5 



5- 6 

6- 7 

7- « 

9-10 
10+ 



o 
3 



NituK ef IaifcctiMi» RtMAtin 



(1) One cmcent present 

12) King torms, lar^'C qu.irt.iii parasite, one CfCSCCnt 

( ^) Kfw .icsiiv<> .luiumnji ring iorins 
(|) M.111V .icMivo- uiiuiiUKil riiifi forms 

(j) FfU lotivD-autuniti.il ring funlis, twelve crescents, w hich 
liaJ not changed after two lio-jrs, were counted in drop 
ot blgod, othcn had flagcllalcd veiy mwo «iter the 
blood WM drawn 

(1) Three crescent* in slide 

(2) Large ind <<itull qiuitan fenns, pigoeatcd monoaudear 

lcuc<N:ylcs 

(3) Fctv ae^tivo-autumnal ring t'omis, pigmented mono- 

nuclear leucocytes 

(4) Ditto 

(5) Ditto 

(6) Ring fi>fiBs, fuir-grawn quartan paraiUea, pignentcd 

mononuclear leucac)'tes 

(7) Larjjc quarun forms, pigmcnifld mononudear le nc oc y ia i 



(1) All si.<gc> of (juarian parasite, pigmented mononuclear 

leucocytes 

(z) {Quartan p«rasitea» pgmentdd moocmuclear leucocyte* 
()) Aestifch-autninnal nng tonus, one citccent 

(1 ) Few aeuivo-awttmnai ring forms, one crescent, {ngmented 
montmudear leucocytes 



(1) Fciv sni.ill and ha1f<grown tertian p«naite«» tertian 

gametoc) tes 

(2) All stages of quartan parasites 

(1) Ag« ten years, only one aestivo-autumnal ring ferm 

present in slide 

(2) Age cloven )'ears, four acstivo-autumns) ring tanot 

present in slide. The ages of the non-infcctcd cJliMien 
were hftccii, fourteen, fifteen >e^rs, respectively 
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Children of Baiti—- 







No. tetetui 


Natare af Infect]**. 11>M«>K« 




*•$ 


3 


3 


(i) Many UMitro-AHtnmnal psnmtes 
(i) Ditto 
(3) Ditto 


S-4 


1 


1 


(l) Pew MHivo-autumnal puaaitet 


4-5 


1 


I 


(1) PigmcntcJ moiwmiiclear l«iKoqrtc$, few aesthrMatumiHil 


S-6 


1 


1 


(1) Large tertian parasites 


7-8 


1 


1 


(i) Few aettivo-atitttninal ring ibmis 


10+ 


3 


2 


( 1 ] F V ncstivDnitttumnal ring ibrais 

(2; Ditto 




iO 


9 
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CbiUreH at the Cape — 





Na.EsuuMd 


Hp.talaMi 


NaniM «f IttftttMb. RitfAKn 


O-l 


3 


s 


(1) A few acstivo-autumn.il ring lorms, uvocicCOcnU 

(2) Rinjj forms, brge >|u^rt.in parjsitcs 



1-2 I 



3-4 



4-5 



5-6 



I 



6*7 I 
7-8 ' 

g-io 
10+ 



1 1 



I I 

I 



o 
5 



4$ 



38 



(1) Rin^ forms, lar^c (Quartan forin>, quartan gjimctDC) t«» 

(1) Three iTci^cents, rinj; forms, Ijrgc qu.irt.iii torm^, quartan 
spurocytc^, pigmented mononuclear Icaooc} te« 

(1) Few aeuivo-autuinnal ring forms 

(>) All stages ofcjuirun (urisiics 

(%) Acsiiv<)-.-iu{ufnnj| ring form*, one cresrcnt 

(4) Sp)rocytcs, g.inictoc) tci, anJ small lorms uf ijiurian 

( 1 ) ktn^ forms i>poroc) tcs and gamctocytcs ot quartan 
(z) Acstivo-auturonal rings 

(3) Few aiestivtMUtumnat rings 

(4) Quartan jpMiMtoqrie* 

(;) Few aettivtt-itttumnal ring ibrms, feM- crc«ccnt& 

(6) \'er%* few small quartan Ibrms, quanan gameccicvics 

(7) Ring forms, fcv V, ,1| ^'tin r: tjuartan forms 

(8) Vcv, acslt\o-autiini:i.K ring forms. In ihis eJiJc thrM 

irvi'anosomc'- utrc -.-resent' 

(9) Acstnu-.iuiumnal ring forms, one crescent 

( I ] Few acstivo-autumnal parasites 

(2) Ring ii.rma, hali-gioMm qaarun panstics 

(3) Small quartan paraatics 

(4) Small quartan form, quartan gmictocyte* 
(j) Quartan gamctocytes and small forms 

(6) Aestivo-autumnal ring forms 

(l) Few aesti^o-autumnal ring loriiis 

(2} Man) aestivo-aotunuul ring forms, few crcsucnis 

( ;) Few acaiivo-autumnal ring Jbrms, one crescent 

(4) Few aestivD-autttmnal ring bnm 

(?) Ditto 

</>) Quanan gameiocytcs anq small iiMiiM 

(7) Aestivo-autumnal ring forais 

(i) A few tertian parasites 

(1) Aestivo-autttmnal ring ibrms 

(2) Ditto, few crescents 

(1) Many quarun gametocytea, few ring fiwau 

(s) Few aestivQ^utnmnal ring Itmn* 



( 1 ) \ crv tew ac'tivo-antumnal ring forms 

(2) A lew half-grown quarun Miaaitcs 

(3) King iorms, large quartan fbtma^ and qnarUn »ponx}-te« 



Litetpee^ (900. 
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Presence of the Malaria Parasite in its Definitive Host 

Mosquitoes of the AmpbeUi get) us were collected for examination from 
the soldiers* qiuuiera and brought to me by an orderly from time to time in small 
batches ; these were kept from one to three days» to allow of the digestion of the last 
meal of blood, and then dissected. Out of twenty-seven complete dissections, three 
mosquitoes were found infected ; two of these had zygotes in the stomach wall, three 
in one and two in the nther, from six To ten days old, variety undetermined. In the 
other infected mosquito, sporozoids were found in the salivary glands, [irincipally in the 
middle lobes. Out of a dozen mosquitoes {^Ampheles) caught in the hospital, chiefly 
from the West Indian soldiers' ward, two were infected. A few zygotes about three 
days old were found in the stomach in both cases, and were identified as Haemamoeho 
ma/ariae ; these two mosquitoes were caught in the dispenser's (native) net three 
days previously. An cxaminarioti of his Mood was ukuU-, hut nn parasites were 
detected ; he had previously hud no s\-mpton;s ot nuilaria. It is very probable that 
these mosquitoes were infected in the town, and not from the soldiers in the barracks 
or hospital. To obtain Anafbelet from these places it was necessary to visit the 
barracks just as dawn appeared, 6 a.m., when they were found on the walls, just 
over the beds of each soldier ; during the day I was never able to detect an AHopbehs 
mosquito in this room ; they were probably all driven out by the disturbance of 
rolling up kit, ftc, in the morning. The Jn-jphcks examined were all AnopbeUs 
cesta/is, except three .Inophrles p/:iircf>is:.', \vh;c.:h were neLjarive. 

At the Cape the naf.ves hi^mght me a ._'ood t:uniber ot niosquitoes collected 
trom tlicir huts ; nearly all collected in this way were of the Anopheki genera, includ- 
ing Anapheht (9HaSs and Am^kks fMKettts, the number of the latter gready 
imdominating. 

Twenty-four complete dissecticms were made, two Anopheles JunestHs being 
found infected ; in one the salivary gland contained sporozoids in large quantities, and 

111 the other four mcdium-siy.ed zvGjntcs with three empty capsules were present on 
tile stomach w.tII, U ntortunatels', itiany mosquitoes brought back tO Bathurst had 

died on the way, and were UJifit tor dissection on arrival. 

Other Haemttmoehae. — The nature of the expedition did not permit of any 
extensive investigation on the distribution of other Haemamaekidae in the Gambia, 
still a few animals were examined. 

The common ydlow and green African canary was universally infected irith 

Ihiemsimor-ha f/dW/Vrtefttii (Haltcridium) \ some tame pigeons from the various factories 
also showed this paraiiitc in their blood, and also a few birds shot in the bush. 

llaemamoeba reliclii (Pratensntiva) was never fotind ; Init the nut^ibcr of hird.s- 
examined was not sufficient to form an opinion as to the absence of this parasite 
trom the Gambia. 
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IV. BREEDING-PLACES OF MOSQUITOES IN BATHURST 

The various breeding-places of mosquitoes which occur in Bathurst can be very 
suttnHlv prouped urxit-r fwo heads, namely, natural and artificial. The latter are by far 
the most numerous and irnpjrtant, as many "f them occur throughout the u et and dry 
season, while for at least six months of the year the natural breeding- places have ceased lo 
exMt The folloving are the chief artificial tmeeding-places of mosquitoes in Badiurst: — 

1. — GtHoest koatSf lighters^ and cutters oh the fvresbore. The making of boats 
appears to be a rather extensive industry amongst the natives at Bathurst ; die boats 
are constructed or repaired on the foreshore, in front of Wellington Street. There 
is always a larpe number ot these hnafs Ivtnp' on the beach ; some of them have Keen 
found unfit tor re[>airs and are discarded, otiiers are waiting their turn, it mav he, for 
some weeks, and still others are present waiting to be launched. i'hesc canoes and 
boats cdkct rain-water, and in the larg^ boats the amount of mter present is very 
considerable, and often lasts not only between the showers but for a long time after 
the rains ^ve ceased. In one old boat I found water present four weeks after the 
last shower in October. In many of the boats the water was from one to two feet 
deep. On examination, as would naturally he cxpfctcd, 1 found these boats almost 
universally infested with mosiunto larvae. From a roug^h ef^timation I made 

I calculated tl^at each of these boats would produce tv/o thousand 
mosqiiitoes per week ; fifty boats of all kinds prodttcing this quantity 
of mosquitoes is a total of one hundred thousand insects per week 

distributed into the town. It will be seen, therefore, that these boats provide 

excellent and very extensive breeding-places for mosquitoes throughout the wet season 
and for a portion of the dry. There is no doubt that the houses ifi Wellington 
Street derive most of their mosquitoes from these artificial breeding-grounds. The 
mosquitoes found breeding in these boats were, in order of frequency : — • 

Sfegmyia fasdata 

Atu^iei eutaSt 

Cukx duitoni 

2. — The Street Draim, The street drains carrying off surface water have been 
described as running down the central of die streets. They can conveniendy be 
arranged under three heads with regard to their capacity for acting as suitable breeding- 
places lor mosquitoes. 

{a) The large main channels (three to six feet deep by six feet wide), which 
open into the river at the sluice gates. These drains occur in Hill Street, 
Alglesea Street, Picton Street, filucher Street, and the large drain oii one 
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Llewellyn Street drjin, near Clifton Rtud, in the Jn>' scison. Thib Jrjin, Inring cun- 
structed in sjnd, with no protection ;ig4insi filling in of the sido, allows of the formation 
of suitable puddles for breeding mosquitoes. AnophtUi toilaiit principlly breed in this 
drain. Water collects underneath the low bridges crossing the drain, in which many 
mosquitoes arc found at the end of the wet season. 
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side ai McCarthy's Square. In these drains I was never able to iind 
mosquito hrvae during months of October, November, and the first 
part of December, although surface water from one-half to three fS»t 
deep was always present in them. There is no doubt that the absence 
of larvae in these drains was due to the large quantities of small fish 
which arc continually swimming up and down the channels in small 
shoals of from thirty to sixty. The sides of the drains l>eing perfectly 
smooth, no protection is afforded to the larvae. As the dry weather sets 
in the water gradually sinks lower and lower in the dnuns, until water 
is only present for a distance of twelve to fifteen yards firom the sluice 
gates. This amount of water is present prohitbly throughout the tlry 
season, as it is tidal water which anics Into the drains through the sluice 
gates. In the process of drying-up, the rish die out or are killed 
when the drains are cleaned at the end of the wet season. The 
disappearance of the fish was followed by the presence of mosquito 
larvae in the water. At the end December and in January 1 found 
innumerable quantities of mosquito larvae in the water in Hill Street 
drain, near the sluice gates, later, in Alglesea Street drain, and, just before 
1 came away, in Picton Street and Bluchcr Street drniiis. These mos- 
quitoes were principally CuUx tbalassios^ Cu/ex ^uuoni, and a few Jnopbeies 
(ostaiis, 

(^) Siallower drains, made of brick or stone, either partly cemented or not at 
all, varying from one to one<md-a-half feet deep ; these drains either 
discbarge at right angles to the larger dnuns or are continuations of 
them into the centre of the town. They vary with regard to their 

fitness to act as breeding-places of mosquitoes according to the seasons 
of the >e.ir. In the wet months tliev are probably free from mosquito 
larvae, owing to the amount of water passing along them, and thus the 
small fish would be able to swim up from the main drain. At the 
beginning of the rains and end of the wet season mosquitoes can breed 
in them. In October and November I found that after the rain snwll 
pools of water collected, owing to the unevenness of the cemented bed of 
the drain, after the main mass of wnter hnd pnsi;ed away. This condition 
occurs in the drains of' the following streets : Lemon, Hagan, and the 
town end of Bluchcr and Picton Streets, The other condition present 
in these drains, and of more importance than the irregularities in the bed 
of the drains, is the fact that many of these shallow drains are not com- 
pletely lined with cement, that they allow the ground water to percdate 
into them. This water I found formed a very slow stream along the 
course of the drain, about one-half to one inch in depth, and was very 
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suitable for the development of mosquito Iwvact vrhich were present here 
in hxT numbers, chiefly hrvae of AtMphelts mtaSs. This condition 

obtained, when I arrived in Rathurst, and Instcd through the months of 
October ami November, that is, until the level of the ground water ha.i 
sunk below the bed of the dmin. The streets in which these conditions 
occurred are Dobson Street, Hagan Street, hlucher Street, Hill Street, 
part of Lemon and Buckle Streets, 
(r) The other kind of drain occurring in Bathurst is that which has been 
described as a trench liug along the centre of the streets. These drains 
either communicate with the big drains or discharge directly into the 
swamps. It was pointe*.! out that the depth of these drains vary, and 
that they often are converted ituu a scries of pools by rubbish and sand 
either thrown into them or by natives walking across. 1 found these 
drains to be almost universaUy infested with mosquito huvae, whidi 
occurred in great quantities along their course, and were for the most 
part all of the genus Anttpbekt ; only very occasionally did I find the 
Cutex type of larvae in any amount. The small fish, which have been 
mentioned as beintj so beneficial ir? keeping the larger-made drains free from 
mosquito larvae, though occurring also in many of the grass-choked 
drains, are here at a disadvantage, the larvae being to a great extent pro- 
tected bjr the grass and sticks amongst which they can hide ; also pools cutoff 
from the main masses of water occur in which fish cannot gain entrance. 
These drains supply Bathurst with the majority of its 
mosquitoes during the months of September, October, and 

November. Thoy occur in the followintj streets: 1- itz^enikl Strce*, 
the drain runs along the centre of this street trom the corner of Kent Street 
to Box Bar, where it is supposed to empty itself by a channel ruiming down 
Lovel Place^ entering the main drain leading into a swamp. The uselessness 
of these stretches as a whole are well illustrated by this drain* where I found 
the outlet completely blocked up with sand and rubbish, so that water would 
of necessity flow over Lovcl Street to get into the swamp, and small fish 
tor this reason also could not possibly gain entrance. Further, the drain 
itself had been converted into a series of long pools by the natives walk- 
ing across, carrying with them sand, etc., and, lastly, the thick, rank gnss 
growing in the bed of the drain, together with its naturally small fall, 
tends to retain the water in it. This drain is bricked across bv two or three 
low, brick arches at the "Street crossings. Underneath these arches the 
bed of the drain dips, so that water collects in considerable quantit}, 
which 1 found contained many Ampbdes larvae ; also, in the course of 
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One of the central grass-dogged drjins at Kathurst in the dry season at a spot 
«vhcrc the course of the drain is obliterated by reason of natives walking across ; at the end 
of the wet season this drain is a scries of long puddles breeding large quantities of 
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the drain a ccmcrUctl catch-pit occurs, one toot in depth ; this I also 
found afforded an excellent place for mosquito larvae. A few other drains 
in a wmilar con^don to the one described above must be spedaUjr 
mentioned. CoiniiHtuing at Government House and running behind 
the Hospital and Telegraph Station is a rather deep drain, which takes the 
water from a small swamp in this region, discharging into Box Bar by 
two smaller drains crossing Clifton Road and running through Portuguese 
Town. In these drains mosquito larvae are very abundant until the end 
of November, and especially was diis the case in the two smaller drains. 
One of these small drains crosses Qifton Road at the back of the 
Hospital ; being dug out of pure sand its bed naturally was dammed up 
by the falling in of the sides of the drain. In the dry season for this 
reason also the drain becomes practically t)[ilitcrated. l"he other drains 
crossing Clifton Road, nearer the Cemetery, were also converted into a 
series of pools hy the falling in of sand and rubUsh. On mj arrival, and 
up to the end of November, these two drains swarmed wth mosquito 
larvae ; from a rough estimation I made during dieae months I calculated 
that one larva was present in every four square inches of sur&ce wateri 
These two ciniins were five hundred feet long, and the water in them on 
an average was two feet across. From these (.lata one is able to calculate 
approximately the number of larvae occurring in the drain, and, also, the 
number of mosquitoes issuing into the town per week from them. 

The toUowing are some of the [irincipal streets in which the drains occur :— 

Long Street, Grant Street, New Street, Allan Street, Kent Street, Clarkson 
Street, Dobson Street, Perseverance Street, Prome^eus Street, the $h<m end of 
Buckle Street Lemon Street, Picton Street, the town end of Lancaster Street, the 
swamp end of Hill Street. 

In some of these streets the earth dug out to form the drain has been piled 
up on either side of it, so that the surface of the street falls away from the drain. 

These grass^vergrown ditches also occur around some of the native compounds in 
New Town, on the south side of Box Bar, on three sides of McCarthy's Square, and 
on cither side ot Clitton Ko.ui, bordering Portuguese Town. These drains are 
certainly to be condemned ; even after heavy rains they appear to allow very little of 
the surfiice water to pass along them. Dr. Foaoa informed me that he has observed 
very little current in these drains after a heavy shower, and I have made a similar 
observation. They then collect the rain-water, which stagnates and becomes fou), 
and only disappears when the level of the ground water sinks below the bed of the 
ground, that is about two months after the rains. They have been shown to be often 
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convened into & aeriea of pools by the pouring in of saiid» and ire often blocked tt 
their outlets in a similar manner^ so that fish cannot gain entrance. They thus form 
excellent breeding-grounds for mosquitoes, and» as I have shown, especialty for die 
malaria-hearing variery (.y;/9^iSef). The species of mosquitoes found in the drains 
of Bathurst in order of frequency are :— 

,!ii<)pheks costalis. 

(.iilcx ibalassios (in drains containing tidal water). 
Cuiex birsutipalpU. 
CuUx dummi. 

3. — If'ells. During the month of October 1 found that the wclls ot K.ithurst 
were not a fruitful source for mosquitoes, though larvae were present in some ot 
them ; still, as a whole, they did not provide extensive breeding- places. After the 
nuns had ceased and as less and less water was to be found in the drains and swamps 
I observed that mosquito larvae occurred more frequendy in the wells. The public 
wells, some fourteen in all, were examined at various times during October, Novem- 
ber, December, and January ; in only one (Lani i ist'-r Street) were mnsqurto larvae 
found. This well had become toul, chiefly from rubbish thrown into it, and very 
soon after mosquito larvae swarmed in the water. The native population almost 
univemlty obtained drinking water from die public wdls, and water is thus bdng 
drawn from these wells practically all day long. It would appear from this constant 
disturbance of the water that these wdls were not sintable breeding^places, as I found 
that in many similar wells in private compounds in which the water was equally good, 
thnii[rh less frequentlv drawn, mosquito larvne were easily obtained. Fifty-five large 
private wells were examined, occurrtnc; in com povi luis fhroii<;hou[ the town ; it was 
founti that those wells which had good covers were almost free from mosquito larvae, 
while all the others contained brvae in quantities depending on tiie frequeniy with 
which water was drawn from them. The small shallow tub wells occurring in laige 
quantities all over the town were found to contain mcwquito larvae, chiefly of the Culex 
kind, in sixty per CCnt. of those examined during the month of October. It was also 
noticed that when one of these wells became foul, and from this cause disrarde<l. the 
larvae occurred in greater abundance ; not a few such tub wells exist throughout the 
town. It was also noticed how very rapidly the larvae sank to the bottom of the well 
on the slightest disturbance of the water. Ail the wells, both puUic and private, were 
re-ezamined systematically in the latter part of December and January by the 
Sanitary Inspector with the object of determining the percentage in which mosquito 
larvae occurred. The result is given in the following table up to the time of my 
departure from Bathurst; this includes nearly all the public and private Wells, and 
probably about two-thirds of the small tub wells. 
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From the aiiovc t:ihlc it will he seen that over ninety percent, of the ^mnlf tub 
weils already examined were breeding mosquitoes. With regard to die large prsvatc 
wells those in which larvae were found were generally the ones improperly covered. 
In this connexion it is interesting to record the examination of a hrge stone well in 
the yard at the Police Station, which was extremely well covered in, the only entrance 
as far as one could detect on superficial examination was the smaU wire gauze lid. 
In the carlv part of my stay in Bathurst I had not detected any mosquitoes in the 
ivater, in December this well became toul ; it was emptied and cleaned, hut afterwards 
the water was worse than ever, liavmg a very strong smell ; the contamination was 
very probably due t» a leaking midden in the neighbourhood. Ordera were then 
given that no water was to be taken from the wellt and the small lid was locked. 
Befi>re the filling in of this wdl was accomplished I examined this well and found 
mosquito larvae were present in it, and many young mosquitoes dead on the surface 
of the water. On closer examination of the well I discovered two small holes 
Iwtwccn the stone rim and wooden cover. These two holes were the onlv means by 
which mosquitoes could gain entrance into the well to lay their eggs, but the young 
mosquitoes apparently had failed to detect these exits and had died in their endeavours 
to get out through the wire g^uze of the lid in the cover. It will be seen how 
important it is for wells to have a perfectly fitting cover. The mosquitoes which 
breed in the wells at Bathurst during the latter part of the year are : 

Anopheles mtaSf (chiefly in the large buUt wdls) 

Cu/ex faligans 
Ste^omyia jauiata 
CuUx itgripes 
Cu/ex dittioiii 
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Bmbding-Piacis Occvmuwo Round Hovm and iv Compouwds 

The number of mosquito breeding-places present in compounds 
was found to vary with the social positioii cS the occupier. In small 
compounds of tbe poorer natives, where one <»* two huts were present^ no breeding- 
places were (bund. These natives had no discard cd !>ntdes, etc., in which water 

could collect, nor were wells or tub? or nny article for the storage of water present, 
sufRcient water for the day being drawn from one of the public wells. These com- 
pounds were exceedingly clcati and tidy, and no mosquitoes were found breeding in 
them. Excepting these, breeding-places were found and increased in extent and num- 
ber in proportion to the wealth and position of the occupier of the compound, 
reaching a maximum on the premises of the laiger traders (natives and white^ where 
innumerable facilities for ithe development of mosquitoes were aiibrded. These 
breeding-places included all those domestic articles which arc capable of containing a 
small quantity of water after showers lasting over a week without being dried up, or 
arc not drietl up between the frequent showers in the wet season. Such articles found 
were broken bottles, either stuck on a wall or scattered over the compounds, iron pots, 
old calabashes, tin-lined packitig cases, cocoanut husks, fowl troughs, and old tins of 
all sorts. There was (bund an extraordinary amount of such-like rubbish in some of 
the ^tory compounds, the more specialized breeding-places included tubs, used for 
the storage of rain-water nr as wash tubs for hcntles, or in which water was placed for 
the preservation nt tlie tun. J -argc Itarrels in which fibres were soakcti, garden tub?; in 
which water was stored tor gardening purposes, old iron boilers for the collection of 
rain-water, improperly covered rain-tanks fermed other breeding -places. In some of 
the factories a small gutter six inches across by four feet deep is let into the cemented 
floor of the yard around the ground-nut store house This gutter is kept full of water 
to prcvetit the entraitce of the ground-nut insect into the store . These gutters swarmed 
with mnsi|u-tr> larvae. In stnne vards a small channel runs down the centre to (iriin off 
ratii-water, aiui is n-cnerally ctivere-i over with a hoard. !t wxs tDLiiid t;iat ^nmr ot these 
had become clogged up at intervals with sand and rubbish, so that small pools ot" water 
coillected along their course ; these pools acted as breeding-places fot naosquitoes. 
All account of an examination of one of the larger European factories 
will illustrate to what extent mosquitoes are bred by the white man 
m the tropics on his own premises. In the &ctoi7 yard were six 
barrels containing water, in some the water was very foul ; in the 
garden were seventeen tubs containing water for gardening purposes, 
and besides this number of tubs there were eight small wells, all 
uncovered. In ail these articles mosquito larvae were present ; in 
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the barrels in the yard the water swarmed with Cuim and Stegomyia 
larvae, and in the wells and tubs in the garden tiie larvae of JInophefet 
and Oukx were found in all of them in good numbers. Besides these 
breeding-i)laces there were many domestfc artides scattered about 
in odd corners of the yard, which in the wet seascm would also have 
acted as breeding-plac^ 

Thk Snctis OP MosQuiTOBs Found in Compounds 

It was (ihsiTVcd th.it Inrvaf of (ouaii^ were ti-equcntlv found in rain-tuSs 
anci smaller articles containing water. Though many ot these larvae may have been 
originally transferred to some of these articles along with the water drawn from the 
well, yet die occurrence of batches of larvae of the same age and in fiur numbers wouM 
tend to show that this species of mosquito avails itself of these small oollections of 
water in which to breed. 

Sfegomjia fasdaUt^ in tubs and old botdes, etc. 

Or/nr fatigam „ „ espedally when the water was foul 

.7. costnlis, tubs and barrels 

Culex JuHntti 

('u 't:\ /.<ir> u Hp ii/p / .> 

S/f^oinyu pagens (rare), m ground-nut gutters 

The wash-tubs, garden-tubs, w^ls, and rain-barrels occurring 
in compounds form the chief source of mosquito in Bathurst for at 
least six months of the dry season, when all other breeding-places^ 
artificial and natural, have ceased to exist 

Natural Brssdimo-Pi^cbs for Mosquitoes in Bathvrst 

The natural breeding-places fur mosquitoes in Bathurst occur for the most 
part in the swain py districts, namely. Box Bar, Half Die, and the small swamp behind 
the Hospital ; a few natural hollows in some of the streets, more especially thoK 
bordering on the swamps, collect rain-water, in which mosquitoes breed. 

Box Rtir. In the wet seas' ii r;rs swamp is covered by a considerable mass of 
water, which encroaches on to New Town and Portuguese Town and into the centre 
of Hat!njrs; x\ Albion !'l:ux', the street'! in these neighhourhoocjs being flooded .it this 
season ot the year; how tar this swamp acts as a breeding-place for mosquitoes in 
the height of the wet season (July and August) 1 cannot say definitely, but judging 
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from the conditions which obtain at the end of the wet season, when I personally 
examined the swampv I surmised that puddles are formed in the natural hollows of 
the streets all along the margins of the swamp, namely, Albion Place, Perseverance 
Street, etc. ; indeed I found, on arriving at Bathurst, remains of puddles in these 
streets ; some were dried up, others still contained a liftic water, in wh-ch .inrjphcks 
larvae were present. Box Bar swamp presented some interesting features during 
the months of October and November. A long, partially constructed central channel 
runs the length of the swamp^ opening by means of double sluice gates into the Oyster 
Creek «t the back of the town. This channel contuns a large quantity oS water, which 
overflows on to the swamp after heavy rains. On either side of this channel the land 
gradually rises one to three feet to Portuguese Town nn the one side aiul New 
Town on the other ; it is covered with grass and a few low bushes. This land has a 
very uneven surface ; there are very many hollows and tiepressions occurring at 
intervals amongst the grass, and also not a few large round holes three to four yards 
across, which may have been formed by the natives in obtaining sand \ also^ on the 
borders of the swamps e^iecially around New Town, trenches occur choked with 
grass. Lastly, innumerable crab holes arc present everywhere, and on to the sur6ce 
old tins and calabashes are thrown. lt\ the central mass nf water I was never able 
to obtain mosquito larvae, undoubtedly owing to the enormous quantities of small 
fish which arc always present in the water. But in October and November the 
hollows and depresaons mentioned above as occurring amongst the grass contained 
water, which was cut off from the msun channel, and thus unable to drain away, nor 
could small fish gMn entrance ; it was thus to be expected that these pools should 
contain innumerable mos<juito larvae. Three large pools in close relation to this 
swamp, situated together near the cemcfcrv, must he specially mentioned ; these pools 
measured twenty to twenty-five feet across, and contained water in December, when the 
swamp pools proper had completely dried up ; they were used then for watering cattle. 
As Box Bar swamp dried up these pools became more and more infested with mosquito 
larvae, though one of them remained free for some time. In it the water was com- 
paratively sweeter than the other two, and small fish were present. As the dry season 
advanced the water in these pools became exceedingly foul, and enormous numbers of 
larvae, chiefly Anopheles^ were found. A l ong, narrow pool occurs in this neighbour- 
hood, along the side of the cemetery ; this pool communicated with the creek, and 
is flushed with tidal water ; though the water present in it was foul, and had a dis- 
tinctly unpleasant smell, no mosquitoes were found breeding in it. 

Die, This swampy district is drained in a similar manner to Box Bar 
by means of a central channel opening into the creek by sluice gates. No mosquitoes 
were ever found breeding in the central mass of water. The swampy surface is much 
mure level than Box Bar, and very little t^r.iss is prese;it. Native huts arc built close 
up to the margin of this swamp, practically on all sides, and it is in their compounds 



28 THOMPSON YATKS AND JOHNSTON LABOKA I OKIES REPORT 



and in the adjoining streets, in which depressions dther natural or dug cut by the 

natives occur, in which mosquitoes breed. In these compounds, also, I found many 
old crab holes confatninn- larvae. OwinLC comparative evenness of the surface, 

pooh formed in ihis iicighlwurhood cannot exist tor long after the rains have ceased ; by 
the middle of November there were only one or two natural breeding places to be found. 
The level <^ this swamp is being rapidly raised by the deposition of sand taken from 
the beach ; already the area which has been completed has proved a success. The 
native compounds built on it were comparattvely free from vrater during tfie rainy 
season last year. The remaining swamp to be mentioned is a small one extending 
from the hack of Go\'erMment House to just beyond the tclcc^mph ^ration, and is 
limilctl on the town side by Pittoii Road. In this swamp water collects in the rainy 
season and lasts for some time after the rains have ceased, especially in the drain 
runni ng down its centre which has been previously described ; pools and depressions also 
occur amongst the grass. This swamp supplies Government House, the Hosptsl, 
and other European quarters in this neighbourhood with a considerable number ot 
most]uitoes. The mos(]iiifoes fouiui breeding in tlic above swamps were in order of 
frequency ; //. costii/i^ (tin. larvae or this mosquito were found in disused crab holes 
containing water on several occasions, principally in Half Die svv.im|)), Culex halassiiSy 
CuUx dKUOtUt Cu/fx rigripa, J. phanensis (rare), Cir/nr aic/asM (rare). 

The swamps described above are not flushed by tidal water owing to the low 
wall which surrounds the town in their ne^[hbourhood, and also because the sluice 
gates are only opened at ebb tide \ still a litde tidal water gains entrance into the flnin 
channel by leaking through the gates. 

There is a considerable variation in the iiLimber of breeding-places in Bathurst 
according to the season of the year. In October, when I landed there, the rainy seasiin 
was rapidly drawing to a dose, only a few heavy showers occurred at the beginning nf 
the month. Altogether there was 3*8 1 inches rainfijl. At the banning of this 
month all the breeding-places described above were present, at the end of the month 
practically all the natural and many of the artificial (drains and boats) were drieii up. 
AccompanyinfT this dryinij up of the breeding-places there was a slight diminution 
of mosquitoes in some parts of the town (Government House, Hospital, Telegraph 
Station), but no marked diminution in factory compounds or native quarters. From 
November onwards, until the commencement of the rains at the beginning of June, 
the only phces in which mosquitoes can breed are wdls, tubs, and other artides for the 
storage of water in compoinuh, in the tidal water in some of the main drains near the 
sluice gates, chiefly ii' W'ellinLrton Street, and in t!:c three pools near the cemetery. 
An examination of the mangrove swamp at the hac k of the town was made on severs! 
occasions, but no breeding-places were found, though some puddles were present 
whkh appeared to be suitable. It is very probable that the absence of breediiig-places 
in the mangrove swamp is due to the ebb and flow of the tide and the presence of fish. 
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Action ok Tiual Water on MosyuiTots 

Experiments were undertaken to see how fur mosquito larvae would thrive in 
tidal water ; larvae of A. costalis of various sizes were taken and were placed in tidal 
water in krge glass jars, and supplied with food. Various percentages of salt water taken 
from the beach at high tide were added, at the same time control batches of similar 
larvae were kept in vessels containing the water in which they were breeding. It was 
found that many of the young and medium-sized larvae died in six to eight hours in 
the jars containing seventy-five per cent, of sea water, below this percentage th^ 
remained alive. 

In one experiment in which larvae were placed in undiluted tidal water, one 
large larva remained alive and changed into a pupa in three days after the experiment 
started. A garden tub in which mosquitoes had been breeding was emptied and 
cleaned, and sea water, taken as the tide was coming in, placed in it, the other tubs in 
the garden being covered with mosquito netting. In four days afterwards a batch of 
small Anopheles larvae was discovered in the water, which subsequendy hatched out 
into adult mosquitoes (.-/. mfrt/is) seven days later. This experiment was repeated 
with the result that first eggs ot hiopbeies and also CuUx appearcvl m one or two davs 
after the tidal water had been placed in the tub, and subsequently adult insects 

hatdied out from them. From these experiments it would thus appear that 
certain Idiids of mosquitoes can breed in tidal water if it is not disturbed, 
and subsequendy when the dry season had fiiUy set in, I found larvae in suitable tidal 

{x>ols, namely, as I have already mentioned, in the drains near the sluice gates in which 
tidal water had soaked in through the gates. In this water, which cntitained ioi8*(; parts 
of ciil<irtt;e per ico,ooo jiarts, I found a few larvae o\ .1. cosiaiis and large numbers of 
Cu/ex haiasstos. On another occasion, in December, 1 foutid these mosquiiucs breeding 
in a small hole from which shells had been taken, close to the edge of the water at the 
mouth of Oyster Creek. The CuUx were subsequently hatched out from this tidal water, 
but the An^beUs krvae were nearly all infested with a fungus (not identified) which gave 
them a woolly apf)earance, and I failed to hatch out any of them. I observed A. tostaSt 
breeding in a similar salt-water pool during a period in which neap tides occurred. 
The tidal water in an arm of the central channel in Box Bar, running from the sluice 
gates to the cemcterj', had become converted into a series of small pools by partial evapo- 
ration of the water, though at every dde some water leaks through the sluice gates 
into this channel, but during this period it was not sufficient to repleiush this small 
branch drain. ^»o^/^^/<r/ la rv i were found in great numbers in these pools. It is 
interesting to note, also, th.it at tliis titne two of the largest ptjols which were situated 
close by, and have been described as swarming with mosquito larvae, had Iteen filled 
in with sand. Samples of water taken from various parts of the town were examined 
for the amount of chlorine present in them, the result is given in. the following table. 
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Sample of Water 


Chlorioe per 100,000 fttu 


ChMec cipuwil M per- 
etatiftof N<0 


1. 


Public well. New Town, no ntosquiiocs 
preaent in water i>« 


161 -a 




S. 


Public well, Lancaster Street, water rather 
foul, Anofhelei lar\ac present in numbers 


11480 




3- 


Public well in Clilton Road, behind Hmpital, 
no larvae preaent ... ... 


186-0 




+• 


Water (tidal) found in drain near duicc gatc^ 
BlucJier Streei, A, mu&mA Utgt qnan< 
rittea ot C. ititmti pre»ent 




171 


5- 


Small well in private garden, Cue.x present, 
few onljr.i* ... ... 


17-9 


0*04 


6. 


S;ii:>'l ^vcll in n.uivc compound, Victoria 
Street, CuUx Urrac |>rcacnt 


11450 


1-88 



MosyiUTots Pxt^tN I IN inn. (.jAMBIA 

The comniiMu'st nios(juicocs met with in Bathurst were Suj^'imy^i fataara anii 
costalii. After tliesc may be mentioned CuUx fatigans^ Cuiex Juuont, Cuiex htiiasms; 
th« latter, a new species, was especially frequent in December and January^ and bied 
in the tidal pools of water as described above. While in Bathurst I never snr 
specimens of A.fKtustKS. Out of a series of Anopheles which had been bred, or 
captured in various parts of the town, Mr. Tiikohalu has failed to detect one ; on the 
other hand, at Baia and McCarthy Island, in the Hinterland, 1 did not ohtnin a single 
A. coslalis ; here all the Anopheles caught were the small A. funestus at)d its varieties. 
At Baia, out of two hundred mosquitoes brought to me by tutives, ail were ji.JuHesm 
except one ; these mosquitoes could be caught at any time of the day in the tiative 
huts, they were found resting on the wall, some had evidendy fed not many hours 
previously; the ovaries were in all stages of development. At McCarthy Isbnd 
I (ouiul, at I p.m., a great many A. funestus the \v.alls of a room in Gnvcrnnent 
1 louse in which a I*.urn|H-:in slept. No other kitul ot mosquito was present. .At 
Baia and iVlcCarthy island, in i>cccmtKT, when everything is dried up, the river ami 
a few marshes were the only available breeding-phKes. At Baia the river was three 
miles away from the town, and the only marsh near was two miles away. The 
only breeding-place in the native town was an old disused well, which was found to 
be thirty-four feet deep ; at this depth only Cuiex larvae werefinuidiii the water. 
At McCarthy Island I never fouiKl rTinsquito larvrte in the river, but in a swamp half- 
a-milc away from the town they occurred in grear numbers. At the Cape, where a 
similar marsh to the one on McCarthy Island occurred, A. funesius was the chief 
mosquito found in the native town ; but here //. m^Hs was also present In 



Digitized by Google 



AlALARLA. £XP£DiT10N TO THE GAMBIA 31 

small quantides. The specimens obtained were caught chiefly in the European 
compounds. At the Cape a few artificial breeding-places were found in compounds. 
It would appear then that A. funestus and its varieties are rural mosquitoes, and 

re<^uifr rather «tpeci:il hrccding places, while A. coslalis is essentially a town-bred 
mosquiti), and tap.ihlc of utilizing any small collections of wateT for breeding purposes. 
At Bathurst I obtained one single specimen ot tiic genus Pampitiei^ which was caught 
in the prison (P. uni/ormis^ Thsobald). This Species of mosquito was never found 
breeding around Bathurst, and these mosquitoes were only seen in the marshes at 
McCarthy Island and Bata. Here they occurred in considerable numbers, and 
attacked natives and whites crossing the marsh at all times of the day in a ver)' vicious 
manner. The observation of Dlrh am and others with regard to Slegomyia fasciata was 
fully confirmed at Bathurst ; these mosquitoes only bite during the day, more 
especially in the early part of the afternoon. None of this species were collected 
in mosquito nets during the night. As yet we have no method by which any 
approach to the exact estimation of the number of mosquitoes in a district can be 
ascertained, although a rough estimation may be got from the number and extent of 
the breeding-places ; also the presence of mosquitoes at times when no breeding- 
plnces can be found, can be demonstrarcvl by the construction of artificial pools as 
tiescribcd by the Members of the RoyaJ Society's Malaria Commission. No reliance 
can be placed on the statements of the white man in Africa as to the presence, or 
absence^ ot number of mosquitoes in the district. Many men become immune to 
the bites of mosquitoes after a time, and on the other hand, one or two importune 
mosquitoes cause as much annoyance as many. With the object of obtaining some 
idea of the number of mosquitoes entering a house at night, 1 employed the 
mosquito siet method, which was found so useful by the Members ot the Liverpool 
Malaria Kxpcdition to Nigeria, in detecting the presence of mosquitoes m the absence 
of breeding-places. The Hospital was selected as the nte for the experiment and a 
net free from holes was rigged up over a bed in one of the wards, in which one of 
the orderOes or native patients slept. The net, instead of being tucked under the 
mattress in the usual way, fell short of the bed clothes, a space of two to four inches 
being left between the edges of the bed and the bottom of the net. The net was 
put liown every rr.ght before the sun wer-r liowii. During the evcnitig, mosquitoes 
obtaining entrance below after feeding would climb to the top of the net. These 
were collected about 6 a.m. in the morning by myself or an intelligent orderly who 
brought diem to me. Mosquitoes failed to find ent in nets rigged up in this manner 
even when they have become quite lively. The result of the experiment, which is 
given in the following table, was carried on throughout the months of November, 
Hccember, and part of January. Though this method is as yet very imperfect it 
might be useful and interesting to rig up a similar net in the wet season, and to 
compare the numbers caught at the time. During the time this experiment was 
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proceeding it muset be remembered that all the natural breeding-places near the 
Hospital where completely dried up, and in the Hospital compound itself no artifidal 
breeding-places occurred. 

Mosquito Net £xperimbnt 
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V. PREVENTION OF MALARIAL FEVER IN THE GAMBIA-- 
DESTRUCTION OF MOSQUITOES 

Practical measures against malaria have already been briefly referred to in an 
earlier part of this report. It remains now to consider how far these measures are 
applicable to the conditions which obtain in Bathurst. Fcr" convenience we may 
consider them under two heads : — 

1. Measure"; for protection of the ii)dlvhlual individual precautions. 

2. Measures for the protection of the community. 

Preventive measures, including the prophylactic use of quinine and the various 
methods foe the prevention of bites irom mosquitoes, which can be adopted by every- 
one in the tro|Mcs, have already been carefully described and summed up by various 
writers, so that little need be said here. There is no Jouhi thai the number of biles 
from the CuFiiiJdi' in the n-tpiiS can be ;i^>i'iith .UniDiiii;-,! t'\ ibc (.ireful use of the 
mosquito net^ and thus the risk of infection fy m tiuiLina iessenai. Hia ei rn this simple 
meoiure^ as other observers have satd, ts astomshmgiy neglected and abused tn Africa^ and 
tbh ahue, unfortunately, is greatest amtig At European traden Mi ekrht tobere 
the eJbatite »/ malaria/ iafeemn is greatest. It is curious to note, after very careful 
demonstration in the way in which the net should be used, how soon one finds 
the nets of the Europeans acting as mosquito traps. In Bathurst a few of the 
Europeans hnve nnti-mosqutto bedrooms ; they are on the whole gnnd, hut 
grt-Mt care will be necessary tn keep them (rcc troiii fmlcs, as tiic\ arc made ot 
mostjuito netting ; also the ' boys ' are very apt to leave the doors open during the day, 
thus allowing the entry of mosquitoes. I understand that Government will 
soon supply all the officials with a mosquito-room, and there is no doubt that with 
care they can be used with some measure of success. In this connexion it would be 
a great advantage if the ward at the li'ispital in which the European patients are 
treated were made mosquito proof. Mosqu to nets over patients' beds are im satisfactory, 
owing to the necessary disturUincc which takes plate in connexion with the treatment 
of the patient. Besides the precautions directetl against mosquitoes, there is no doubt 
that exercise and fresh air helps one, and in Bathurst special fiwilities exist for such 
exercise. There is a fairly good road for cycling, driving, or riding ; and amongst 
games, tennis, cricket, and even football may be played. It is probable that it will be 
some time before the malaria mosquito investigations will be appreciated by the white 
man in Africa, and even when this desired result is attained, one cannot rely upon the 
/ 
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individual to protect himaelf againtt mahri*. Thetdbre ftti impoitaiit matter presents 
itself for consideration m each West Africaa G>lony, namdy, how fau- can the white 
population be protected and to whar extent can succe'^ted mea«;ures be made applicable 

to the various districts and towns in the Cnl<iiiy r The fhrcf most important sugges- 
tions which have been put forward tor this purpose (the protection ot a country) arc ; 

I. The destruction of the malaria parasite in the intermediary host (man) 
by means of quinine. 

2 1 Segregation. 

3. Destruction of the mosquito. 

Koch first sufrirestcd the nJministration of quinine on a larjje scale, and applied 
it with some success to cominunitics in (jcrman liast Indies. In Atrica, at Lagos, 
quinine is given gratuitously to the natives. This measure to be efficient must be 
energetically carried <Ait, that is, each individual member of the community harbouring 
malaria parasites must be dosed with the drug. Neglecting the large expense it 
would entail this measure alone is not applicable in Bathurst, it would be difficult to 
cany out in an efficient manner. It would be imcnissible, until education has further 
advanced, to pet the natives to submit tn such treatment with<nir usiiip force. 

In Bathurst, the valualilc method ot segregation is not fcisililc, .l^ the 
town is already laid out, and gocxl houses, occupied by Europeans, are situated in 
niany of the streets^ and surrounded by, as a rule, equally well-built native quarters ; 
still, in a small way, in one part of Bathurst this measure could be applied, namdy, 
to the piece of land extending from the beach to Clifton Road, on which are situates! 
Government House, Hospital, and other European quarters ; this area should be 
kept free froni rhc nurivc huts. The method of segregation is applied to some ex- 
tent among the Luropean Commissioners, their huts at the various native towns iicing 
built three hundred yards away from the native compounds. 'I'he segregation prin- 
ciple should also be adopted when new administrative quarters arc built in the Colony, 
new bungaloes should not be erected within a disunce of half-a-mile firom the native 
quarters; this rule should also be seriously considered by the European traders 
choosing a site for a new depot. 

The last method, which has been so ably advocated In' Professor Ross, deals 
with the destruction of the mosquito by the elimination of its breeding-places. In this 
method the point aimed at is to reduce the number of all species of mosquitoes in 
certain suitable districts ; it appears to me that the town of Bathunt is especially 
suitable for the accomplishment of such a measure. It is situated as described on a 
practically isolated piece of land surrounded on nearly all sides by a broad ex[>anse of 
water. The amount of land to he dealt with is comparatively small, namely, about 1 
square mile, the surface is f.nriv level and sandy, rc;ui-ly absorbing water. In this 
area the breed ing-places ot mosquitoes are a known quantity, the artificial (those 
made by man) being in ocess of the natural. The rainfall for a tropical country is 
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very small, and rain occurs only in four out of the twelve months of the year. 
Finally, in the dry season, a» already stated, the breeding-places ot mosquitoes occur 
only in the various yards and compounds. Excluding malaria, there are other 
reasons why an attempt at the destruction of mosquitoes should be undertaken in 
Bathurst, the close proximity of Dakar and St. I ouis in the Senegal, at which places 
epideiTiics ot yellow tc\ er have iToken out from time to time, is a tianocr to the 
inhabitants ot Hathurst ^in igcxs, at Dakar and St. Louis, there were tour hundred 
and ninety-five cases of ydlow fever, with two hundred and twenty-five deaths), thus 
the probability of yellow fever being introduced into Bathurst from these ports by 
traders and others,* and its spread amongst the Europeans in this town by the means 
of mosquitoes is not to be disregarded. There is yet another disease very prevalent 
in Bathurst which is also spread by means of mosquitoes, namely, Filariasis. An 
examin:itinn of the blood ot a nutnber of the trhahttants revealed the presence of 
filarial embryos in thirty-four per cent, of those examined. Cases of Elephantiasis 
arc frequently seen in the Streets of the town. In BaAurst it is thus especially needful 
to diminish as far as possiUe the number of mosquitoes which infest the town. 

In chapter IV, I have described the various mosquito breeding-places occurring 
in Bathurst ; here it remuns to discuss the methods most suitable for their ^ibolition. 

ArtifiiUi! Brc-r'Jhr^ Phicfs. The discarJcii domestic nrticle-i, including tins, 
bottles, calabashes, etc., ;iu;st be collected and rcnio\ cd from all compounds in the 
first instance, and provision against their rc-atcumulatlon is necessary ; this might 
be accomplished by a systematic collection under the supervinon of the Sanitary Board. 
The rain tanks and barrels for the storage of rain water require well-fitting covers ; 
such tanks should not be allowed in compounds without anti-mosquito covers, as 
not only do they breed most]uitoes, but the stored water soon becomes foul by dust, 
dirt, and insects uhuli lollect ifi rficm. Water tubs required for the soaking of fibres 
should he coniple'.eK' emptied at least once a week, and retilled \vi;li tresli uater. As 
a further safeguard, kerosinc oil shouKi be applied to the surlacc ot the water when 
the tub is refilkd. Tubs for the storage of water for gardetiing pur|x>ses should be 
limited in number, and only sufficient water fiM* the day ought to be stored in diem. 
These tubs should be completely emptied of water by turning them upside down every 
dqr; if this is not tlonc a very considerable cjuantity of mosquito larvae are likely to 
remain in the small quantity of water left in the bottom of the tub. Gutters round the 
ground-nut stores, when filled with water, should be treated at the same time with 
kerosine oil, an ounce of which would probably be sufficient for each gutter. 

Btats. The following tnethods of dealing with boats naturally suggest them- 
selves : old boats and canoes should not be allowed to remain on the beach, such 
discarded boats should be broken up. Boats awaiting repairs should 1h turned bottom 
uppermostflarger boats and hulks, staying short periods on the beach, should be carefully 
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inspected, the rain water collected in them should be baled out as much as (X)ssiblc, 

niiil, ui :ui(litioji, kt-ros-ne of! or other culicicide should be applied, it :s inij^ossible to 
bale out all the water' irom sucli boat*;, and even in a very small quantiis of water 
many most^uitocs can brccvl ; the boats on the shore should be inspected at least 
once a week. 

fydl/f. There is no doubt th»t in Bathurst there is an excess of small tub 
wells out of proportion to the requirements of the natives. In the first instance, in 

dealing with these wells their number shoukl be reduced ; this could be accomplished 
by filling in these wells as they become foul (a condition ()f'.tfT"iirs which often occurs), 
and prohibiting the dipi^u l: <>f "cvv welk without the consent ot the local authoritj . 
A better plan would l>e to do away with uk majority of the native tub wells and, in 
their stead, to increase the number of public wells, pro|>erly covered and under the 
control of the sanitary authority. Dr. Fordb has devised, as a prdlminary measure 
to control the breeding of mosquitoes in these small wells, a very ingenious cover, 
which also could be utilizeii as a cover for rain tubs ami Ixirrcls This cover 
consists of a large irot> hoop obtained tu rn Jiscardckl barrels, to which is fastened all 
round a piece ot stout calico or sai.ki:)g tree Irt)ni holes, ni such a manner that a gtHns 
deal of sag is left in the material. After water is obtained from the well the hoop is 
thrown over the mouth, and the calico catching on the rim of the well completely closes 
the entrance and is kept taut by the weight of the iron hoop. This cover is so umple, 
and, however carelessly applied, must effectually close the entrance of the tub against 
mosquitoes, that I think it -s well worthy of extensive use in the town. Ur. Korde 
had lately informed me that these covers are now being made in Bathurst, and are snU! 
to the natives for the sum of fourpence. Another methoil which I believe to be 
feasible, and certainly applicable to the larger private wells, is to stock them with fish ; 
indeed, I came across four welts in Bathurst in which fish were present, and in which 
I could never detect mosquito larvae. The fish in these wells had been obtained fironi 
one of the large drains in the town ; unfortunately, I do tiot know the species. With 
regard to the large | ri\ ate wells, it is very essential that these should have proper anti^ 
mosquito-proot covers. 

SineJ Drains. It apjicars to Ixr unfeasible to allow the open street drains to 
act as Urains for subsoil as well as surface water ; in ^t, many of the brger drains 
have been well cemented to exclude sub-soil water. From the anti-mosquito point of 
view it is very desirable that the central street drains should only be utilized for carrying 
away sur&ce water. It has been shown that wheti sub-soil water jicrcolates into these 
tlrains a nio';t suitable condition for the breedini; of mosquitoes is brought about. It 
is thereturc iiecessarv that the bed and sides or the street drams shouKi be well eemeiitcii. 
Many of the shallow drams require attention in this respect. Catchpits in the course 
of the drain are usdess and should be abolished, and also the dips in many of the drains 
occurring underneath the small bridges at the corners of the streets. Frequent brushing 
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out of the drains at the close of the wet season would be helpful for the purpose of 
removal of the small pools of \v.itcr which cnlk-ct in some parts of the bed of the drain. 
Special care might also to he taken to provide for the entrance of rish, which have 
beeti shown to be such excellent mosquito scavengers. The centrally situated grass- 
dogged drains ought to be abolished ; as drains they are ineffident, and as they form 
the diief source of mosquitoes in Bathurst at certain times of the year, they urgently 
require attention ; many of them could be got rid of by fillii^ in with the earth and 
sand pila! up on cither side of these drains. Their phce should be taken by superficial 
saiiccr-shapcvi drains. The filling in of these drains will take some little time, atid it 
will he llece<^sarv to adopt some method in the mcatuime to jirevent, or at least to 
diminish, the numerous mosquitu larvae infesting them. i he only feasible way will 
be the employment of labouren to keep the drains free from lotig grass and rubbish, 
and the intelligent applicatioti of kerosine. Also special attention should be taken to 
keep the mouths of these drains free from rubbish, so that small fish can gain easy 
entrance to them. 

NtUiirttI Bree^jn^-P/affs. The abolition of the breeding-places CKCiirrinpr in the 
swampy districts of Bathurst is a work which will take some time, and consists 
practically of raising the level of the swamps by the deposition of sand, together with 
a proper system of dnunage. At Half Die swamp the process of filling in was being 
pursued with great rapidity during my stay at Bathurst, and a great portion of this 
:iren has been raised two or three leet ; still there is a large area of a swampy nature 
in Bathurst to be treated in this manner, and until this is accomplished it will be 
necessary to provide some other mcthov! of ridding these districts of mosquito breeding- 
places. In this connexion, it must be remembered that mosquitoes do not breed in the 
central mass of water in the swamps, this water being disturbed by winds, the rise 
and iall of the tide (to some extent), and, also^ it is well stocked with fish, so the 
mosquito breeding-places to be dealt with will be found along the bordera of this 
water, and will vary in position according to the height of the water in the swamp. 

Mention has been made of the holes, irregularities, ditches, and large pools which 
occur on the borders of the swamps (chietiy box Bar sw.imp), and in which it was 
shown mosquitoes bred ui great quantities. Such-iike breeding-places could be dealt 
with by filling them up with sand — the number of them is not very great ; around the 
borders of Box Bar, for instance, there are only about fifteen of the larger holes to be 
dealt with. This work could easily be accomplished during the dry season by a few 
labourers. During the rains special inspection 'v j! i be made of the borders of the 
swamps, and the breeding-places found treated with kerosine or other oil ; I believe 
that the application of kerosine in an intelligent manner would produce some good 
results, nor do i think the cost would be very great. In the streets bordering on the 
swamps, holes and irregularities occur, but more especially are they found in the native 
compounds in these situations, and in the rainy season, when the swamp water is high, 
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breed many mosquitoes. Such streets and compounds urgently require Miention^and 
I would i^ecialljr mention in this connexion Albion Pkce, Prescot Street, Perseverance 
Street, and Other streets around Box Bar. The natives themselves tn these districts 

couKi do a great deal by raising the level of their compounds by the deposition of 
saiui aiui slulls, iiu'ced, some of the compounds have been raised in this way with 
hc'iicticial tftccts. There is one small swainp, iiainelv, that In himi ( iovernment House 
and the hospital, which urgently rcquircb hJling in, because m this iictghbourhood a 
good number of Europeans are stationed, and it is from this swamp that they obtain 
the majority of the mosquitoes occumjig in their houses. 

To carr)' out the above suggested mcasLii c s of dealing with mosquito breeding- 
places in Bathurst, it will be necessary in the first instance to appoint a small 
permanent sanitary staff" for the purpose, whose sole work would be to destroy 
existing breeding-places and to prevent their recurrence. The sanitary staff should 
be under the control of the sanitary board, and its movements directed by the 
colonial surgeon ; it should at least consist of one inspector having a good know- 
ledge of the mosquito, its larva, and its breeding-places ; under him a small gang of 
workmen, who could easily Ih- taught to distinguish mosquito larva, and a cart tor the 
removal of rubbish, tins, etc., from the various compounds would be required. The 
men, besides this work, would be emploveil in filling up holes and depressions, 
brushing out drains, and applying culicicidcs when required. It is especially necessary 
that such an inspector should understand when and where culictddes ought to be 
employed. Before any systematic work is undertaken, a preliminary removal of 
rubbish from houses and compounds and factory yards is essential. The rubbish so 
collected, which consists of old tins, bottles, iron pots, etc., will be of some valutas 
it rnn he utilized to fill up hollows and pools occurring throughout the town. After 
this prcliminarv remnvnl, the Wfirk ot tiie sanifarv inspeetor will he :■ — 

1. A systematic weekly insjicction at all houses and compounds, tor the 

purpose of searching out and dealing with breeding- places and pie- 
venting the accumulation of old tins, etc. 

2. Systematic inspection of the street drains and boats on the foreshore. 

3. Similar systematic inspection for natural breeding-places round the 

margins of the swamps. 

Many of the breeding-places found in this way can be immediately destroyed 
by the inspector by one or more of tiie methods described above, others more difficult 
to deal with would have to be reported to the colonial surgeon. 

The work of the anti-mosquito staff will naturally vary according to the 
season of the year. The inspection of yards and compounds must necessarily go on 
week by week all the year round, as mosquitoes are breeding in these plaees at I'l 
seasons of the year. A great deal of information wil! have tn he nbtanud by the 
preliminary inspection as to which com|X)unds are the most productive of mosquitoes, 
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Amphelti genus. 



Digitized by Google 



MALARIA EXPEDITION TO THE GAMBIA 



39 



•nd such will reqiure specul attention. The public shodd be encouraged to report 
to the inspector when the mosquitoes are troublesome in order to help on the work. 

The town drains will require special attention at the beginning, and more so 
at the end of the wet season (October and November), and it will be probably 
necessary to increase the staff of workmen at these times to Icecp them free from 
larvae, especially the grass-clogged drains. In the dry season (for seven months) 
thejr need scarcely any attention, with one most important exception, viz., the main 
drains to the sluice gates ; in these it- has been shown that sea water collects at this 
time of the year, and in it many mosquito larvae are found ; regular application of 
kerosine oil to these drains, T believe, wt^uld be the most feasible niethod of treatment. 

In the dry season, also, no special inspection ot the swamjis is necessary, as 
they are dricii up at this time, but holes and depressions which have been found to 
act as breeding- places in the wet season can now be filled in with sand, etc., by the 
workmen. The swamps will require attention like the drains, more especially at the 
beginning and end of the wet season, when pools are shut oiF from the main mass of 
water ; I believe it will be found that in the height of the wet season few mosquitoes 
breed in these swamps. At this time the swamp is practically an open sheet of water 
exposed to wind?!, nnd is well-stocked with fish ; it will thus probably be more 
necessary to pay attention to the hollows in the streets and compounds bordering 
these swamps. 

It cannot be expected that Bathurst will be appredably freed from mosquitoes 
at once, solely by the energies of the mosquito brig^c, because, it must be remem- 
bered, breeding-places occur which require more special attention than others ; for 

example, it will probably be necessary to deal with the small private welk and boats 
on the toi eshore l)y legislation : also engineering work, such as levelling streets, making 
proper street drains, and lilling in the swamps will necessarily take sonic time. 

Stiil, Batburst, by means of the special antiriiioaqiiito staffs can 
certainly be made as free from moaquitoes all the- year round as it is 
in tlie height of the dry season ; and, further, there is every reason to 

believe that mosquitoes can be diminished in numbers to a .great 
extent, more especially by means of tiie house-to-house inspection. 
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VI. THE COMMENCEMENT OF THE CAMPAIGN AGAINST 
MOSQUITOES IN BATHURST 

In the early part of November, a prelim'maiy report upon the sources of 
mosquitoes in Bathurst was submitted to His Excellencv the Acting Governor, 
H. M. Brandhord-Grikfith, F.sq. In this rcjiort the mosquito breeding-places of 
Bathurst were described, and methods applicable for their extermination were discussed ; 
it wu pmtited out duU die inauguration of a cniside i^nst moaquitoes in Bathurst 
oflercd every hope of success, and at the sanie dme, it was urged that any measures 
adopted in this direction should be of a permanent nature, and conndered part of the 
sanitary work of the town. ; 

On November c;. His Fxcellency very kindly gave the colonial surgeon, 
Dr. R. M. FoRDE, and mysclt" an opportunity of discxissinp with him the various 
matters referred to in the rcjxjrt. At this meeting I was informed of the desire on 
the part of the Colonial Government to enter upon a crusade against the mosquito, 
and to undertake the necessary work. Soon after this date the plan of campaign was 
arranged ; Mr. Thomas, the samitary inspector, was selected for the part of 'anri- 
mosquito ' inspector, and received special instruction in the work ; an assistant 
inspector was appointed to take his place for the ordinary sanitary duties. A gang of 
ten ot the sanitary board labourers, including one head-man, was appointed for special 
duty, and one of the sanitary carts was set aside for the work. 

' it was decided, in the first instance, to remove all the old tins, pots, and other 
rubbish from all yards and compounds ; to this end notice was posted up throughout 
the town, informing the people of the nature of the work and inviting then- co-operation 
and help. 

On November i 8, the preliminary removal of rubbish from the various coin- 
pounds began. The work was started m Wellington Street, where most ot the large 
trading stores are «tuated. At the outset the progress was slow, as the process of 
ridding these latge business premises of discarded tin boxes and botdes took some 
time, in fact, at some of the factories it required two days to accomplish. After 
Wd&ngton Street had been depleted of rubbish the work progressed more rapidly, 
from many of the compounds the natives had collected their old fins and pots and 
placed tliem in readiness for the san:t:irv' carts, though, as was to i>c expected, it was 
tuund that many such-like articles were left behind in odd comers. 

The rubbish thus collected from the compounds was utilized to fill in a deep 

g 



4a THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 



trench running behind the hospital, which has been already mentioned as being an 
excellent breeding-place for the mosquito ; the old tins, which were well battered down, 
were then covered with sand from the shore. 

After the removal of the rubbish from the larger compounds had been completed, 
a small gang of the labourers were employed in fiUtng in two large pools near the 
cemetery, which were found breeding mosquitcxs in great quantitica ; the thitd pool 
was left for a while until it could be replaced bjr a wdJ, as this pool was required for 
the purpose of watering cattle. Besides dais work a few foul wells were filled in. 
to my departure from the Gambia^ January in, three hundred and sixty-three houses and 
compounds had been inspected, and from them one hundred and thirty-one cart loads of old 
tins, pots, and other rubbish were removed, and about two hundred and thirty yards of the 
tnmtb I^Mni Oi bt^lml bad him ^ed in. 

On the return of the governor, Sir Gsoaca Dinton, K.CM.G^ about the 
middle of December, other matters in connodon witH the work' were considered. It 
was decided Aat the WOrle which had been started should be a permanent sanitary 
measure — i.e., an inspector and sufficient lab<3urers should be cnplovcd solely for the 
purpose of dealing with the destruction of mosquitoes. I'or tins end the grant for 
sanitary work was increased to the extent of j^200 per annum, and this annual amount 
was to be devoted to the work. 

An ordinance waa drawn up and passed by the legislative oouncal in die early 
prt of January, 1901. In this ordinance^ which is to amend the Public Health 
Ordinance, 1 887, powers were sought to enable the Governor in Council to make rules 
and regulations for various sanitary purposes. Some of the sections arc of the utmost 
importance for the carrying on ot the campaign against mosquitoes in Bathurst, l-)ecausc 
by them certain artificial breeding-places can be dealt with in a more thorough manner. 

The 'Sections relative to tNfe ahti-mosq'uilo wot-k include the fottdwii^ : — 

11. Bteeding-Piaces for Mtuquitees 

Making proviaion for the removal, filling, or covering up of a11 drains, ditchc», pools, swamps^ 
hulc», pita, depressions, cisterns, wdb, tanb, tmnla^ tias, bottks,ar bfahcB pwecs of 
bo'.tlcs, and generally all rcrcptscle-*. thing?, or pl.ircs whatsoever, whether of a like n.iturc 
to those before mentioned or otherwise, which are, or maj- be, capable of becoming breeding- 
phea br nowjuilMS or other Mmow imcctt ; and for the prereatkm the impMitioo 
of Miitable penalties tm the occapicrs or owners of the pKniiet 00 which the mne ave 
(b«ad, or other penom respooaible) of ihe occimenee^ accmiiiilatiQii, or contiaunce 
thcreoC 

12. U^eils 

Plobibiting or rendering, snbjcct to conditions, the digging of wdls in private eompounds, and 
making proriiion fat the cleansing, repairing, building up or re-building on proper 

primiplc-i of wH1« pre<:<rrir!y cxi-t-iij; ; also for the covering and keepinj; covered with 
wire-gauie ))ds, ctose pumps or other contrivances, as may be prescribed, of all wells 
whataoever. 
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13. Removal of Sand^ etc. 

FmNmting tlie icraoval or canyiag away of anj tand, aliin^ rock, gnvd, Mil, or artificial 

protection from any part of the foreshore, or from any beach, bank, or public place whatso- 
ever, without penniacion fiom Mine proper aniiiontjr io auck i^ktiona to be indicated. 

15. Removal of Hulks 

Removing from any ihores or beachea and open »pace«, when thought advisable, all hulka, 
cDtttis, boar*, canoea, timber, catic^ mbbith, or anjr obnniction «r objectionable aiticle or 
tbing whatsoever ; or reqviriqg tlw renoval thereof bf any pmon* judged to be 

responsible therefor. 

1 7. Inspection of Premises 

Providing for the inspection from time to time, and as often as may be thought expedient, of 
all lots, compounds, dwclltng-hou&es, sheds, buildings, and premiics wlutsoever by stich 
officers or peraona aa maf be peescriiied ( aobject to sndi conditions, safeguards, and 
rwjuircments, whether as to obtaining an crcicr under the h.ind of some Jnatice, the Cllief 
Magistrate or other authority, or t•lthcr\M^.c, .is ni.iy Kt prc^-cnbcd. 

Dr. FoRDE intorined mc, in a letter dated February 17, that the removal of 
old pots and pans, etc., throughout the town had been completed, and that the 
inspector had now begun his rc^lar weekly inspection of yards and compounds ; 
also a gang of men had started filling in some of the grass-dogged drains, and the 
filltiig in of all large pools near the cemetery had now been accomplished. 

I understand also that special sanitary regulations have been drawn up^ but 
as yet I have not seen a copy. 



MALARIA EXPEDITION TO THE GAMBU 



4S 



REGUJLATIONS UNDER SECTION 2 OK THE PUBLIC HEALTH 
AMENDMENT ORDINANCE, 1902 
(No. I of 1902) 

I. (t) The occupier, »ad if no occupier, then the OH-ncr, of aii) lot, \ jrd, compound, or other putd 

of land whatsoever, shall fill up, or cause to be filled up, all drjin^, ditt !ie», pools, holes, pits, 
irregularities, and depressions in the ground or sur&ce of such lot, yard, compound, or parcel of 
bad whicb miy be of nich a Mtnw m w cauae the aecuanlitMn «r ttagaatioo of water. 

(a) No person shall, unless fur building or other necessary- or reasonable pliqt mM ^ jSg Cf Make any 
drain, hole, irregularity, or depression in any portion of ground whatsovcr 50 :ji to cause or allow 
the accumulatioD or stagnation of water ; all building and other such operations shall be 
cemiecled in mcb a maaner at, ao 6r aa poaaibl^ to avoid caunag andt boki^ itngohritie^ or 
depressions as afineaaid. 

(3) Sand for making mort.ir or other building purpo'ic?; shall fn no rs'^e takfn out of the ground or 
soil of any lot or compound, but may be taken from the beach below or near tow water mark. 

II. (i) No person shall place on any wall or building, any bottles, or broken pieces of bottle^ or 

other artides vbIom biokea into amaD flagnenia ao as to he iaeapable of contaialng water. 

(z) The occupier, or if no occupier, then the owner of any building, or ofanjr lot, yard, oontpoond* 
or parcel of land whatsoever, shall cause all bottles, broken picre? of bottle, nnd other articles 
oa or attached to such wall or building to be removed or broken mto small fragments so as to be 
■ncapable of coataiaing water. 

III. The occupier, or if no occupier, then the owner of any lot, yard, compound, or parcel of land 
sh.iH, on being rct;uircd so to do by .1 notice under the hand of the Cha-rm.in of the Rn-ird of 
Health, cause all discarded tins, pots, bottles, calabashes, and all other discarded articles capable, 
of oonuining water in or oa such lot or pwcd of hnd lo be oollectcd ia leadinesa for renuval hf 
the carta of the Boaid of liealth. 

IV. Xhe owner of any p^emi^:c:^ ulicrciii there is now, or may licrcifter be dug, any well, shall within 
thirty days after service upon him of a notice under the hand of the Chairman of the Board of 

Health requiring him ao to do^ cover such well with a wooden, wifc-gauae^ or other cover to the 
aatisfiictioB of the Inj^ector of Nniaaaces. 

V. The occupier, and if no occupier, then the owner, of any house, shed, or other bt:ildinp whatsoever, or 
of any lot, yard, compound, garden, or other parcel of land whatsoever, shall cause every cistern, 
tanlc, barrel» or other receptade whataoeter holding or capable of holdiag water on such preniiaes 
to be maintained in snch a manner as aot to be or to be capable of beoooiiog a breeding-place 

for mo!«:iuiioe« or other noxious insects. 

V'l. All hulks or boats hauled upon any beach or open space within the town of Bathun>t, shaii, so far 
as posaible, be turned Iced upwards ; boats in conne of coaatmctioii or undergoing repair shall 
be caeaipt fioin this rcqnirement, provided dwajs that such construction or repairs are carried 
on with reasonable expedition, and the boats are not dlowed :o become bieediag-placea Ibr 

mosquitoes by the accumulation of water therein. 
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tn cnct wWie it ikill be Ibwtd impnctkabk to turn *ay lighter or boat kcd upwaidi, it tluU be Uie 
dntjr of the owner thereof M Calce d«e mid ioficiatt ■ctrant to tbe ndi&cdon of the Cbaimaa 

of the Board of Health to prevent the accaaiduion of water thcreia. 

•Boats' in (hi* fCK"'*'''"^ s^^'l intlucle canons, ciiiirrj, and any other small craft whatsoever. 

VII. The owner of an/ bakehoute shall ooce in ever/ >is monUw cauae the complete inside of soch 
bikcboue to b* wMteiWMlMd. 

VIII. Section 49 of tbe Rublic Hetltli Onliiuiice, t9%j, sbaB be eonstned and it berehf dodand to 

apjily to ihe ttitry of pre mi*c5 for any purpose whatsoever connected with the due sanitation 
thereof and the enforcement of my requirement or prohibition ia tbe aaid Ordinaace or 
bertiiufUr in tbeao Rolct ooatsiood. 

Aej com or eipenieo incnrred is obtainiiig an order under the hand of the Chief IMagiemte ot of 

a Justice of the Peace as in the said Section provided, shall be recoverable against the occupier or 
owner of the preniisca in like manner aa other coeia and cxpeaaea are tccorcnible nnder 
Section 1 1 a of the aaid Ordinance. 

IX. if on the compbiBt of one or more reaidentt it aball appear and be aacertuaed to the aaiiaAcdoB 
of the Chief Magistrate or two Justices of the Peace that any person has been annoying mdl 

complainant or compl.iinjints or others by unreasonably, and a( late ^lOllr^ of ;he ni^ht, playing upon 
any firing, brasn, or uther musical iiuirumcnts, or by Mnging, the Chief Magistrate or the two 
Jnatieee afateaaid maf u liieir £aeietk>n disBiaa anch odender with a wamiag, or if the offence 

appear to him or them to have been of repeated occurrence, u hctiier Lcfarc cir after sucJi warning, 
or attended bj anj aggravating circumstances whatsoever, fine such offender in such sum as they 
aball consider anitabk^ not ciceeding ten shillings. 

X. Canea ahali not be diagyed iloog Rnandl Smet «r Wellington Street. 

XL Any person oontni?ening or wQfidljr or oegligentljr Ailing to oooipljr with any of the provisioas 

ront.iined in thcFC regulations .ifter service on him of a notice to thst effect, under the hand of the 
Chairman of tbe Board of Health, shall be liable on conviction before the Chief Magistrate or 
two Jnaticee of the Feace to a penalty which (aate where it maf be otberwiae p ne vi d c d ia the caae 
of eajr particular offence) shall citcnd to, but not «ieccd» the torn of five pounds for any one 
oflence, or in deiaali of payment thereof to impriiouneat witfi or without hard labour for aaf 
period not eiceediag one month. 

P!as»ed in the Executive Council this Seventh day of July, 1902. 

GtORGK C. D£NTON, Coverntr 
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REPORi ON A COLLECTION OF MOSQUITOES OR 
CULICIDAE, ETC., FROM GAMBIA, AND 
DESCRIPTIONS OF NEW SPECIES 

By F. V. THEOBALD, M.A. 

THE collection of Culiciiljc and other Mood-sucking Diptera, made by Dr. Jiir-rrDy during his 
vtsil to Uambia, contains some three houdred Culicidae, included in the follouing genera : 
Am^Mti* Sugomyia, Cultx, Mmuitui, VrmuttnuMf and Ctnlkn. Altogerher there are seventeen 
specie* of Culicidae as follows: three AmfikfUs, three Stegomyia, seven CiiJex, one Mitmnnia, and a single 
VraHntaniu: .iiiJ. d'Ch- .t. There is also a distinct VArictv o( Jnfiflti (oitalii md An.phdf 'isv/Ji/. Besides 
Culicidae, there are some spcunieiis ofPiychodidae^or Oui Midges, of the genus Phitbmmui, probably a new 
species, and aeireral specimens of the West African gadfly (7ViiMi» dmtviM Walkbh). A number 

offline of the Tsetse flics, Glosiina iongifalfis Wikdmank var., tathinaidts, Westwood, were :A><-> t.ikcn. 

This insect, closely related to the Tsetse fly {pkuoM mtrMMU}, is called by Dr. Duttoh the 
smaU Mangrove fly. It is yay prevalent tip the Gambia river, and comes on board the lannches and 
bites viciously. It is of particnbr interest, as the case of Tiypanosoma Dr. Dutton found in Bathurst 
»^as in ^n Englishman, who w.is master of the (invrrnmcnt I.iimch, living on board, and was frcq'.iently 
bitten by thii> species o( GUutna. It is quite possible that this species of Gluuua acts in the same w ay as 
G. maiMu in the antinal Tsetse disease. 

The collection contains no new AufMa b<lt three distinct varitics, three new specicii uf Calex, and a 
distinct variety of a previously knowti one, also a new StfgmfUt and a Ctntkte. The series of Jmphdei 
JimeitMs is most interesting, as it shons very great variation, particularly in the colour of the vein.&calcs 
and the position of the cress-veins, which I had found oonsunt befiue in this species, and which I took 
to be of some spcrffic value. Gri.-.;t \ .ii'.ir"on is also to be noticed in a l:irt;e scries of Cultx Duiion'i 
(TuEO } This species is of particular interest, as it serves as one of the intermediate hosts of ftlatit 
Mctw%». CaUx fatigmu (Wicd.) viras also found to act as an intermediate host of this HMWuMseiM. In a 
new banded proboscis species {Cukx aaarm^itui) a filaria (sp. incert,) was found in the thoracic mucles. 
A list nf t!.c species, with umics and the descriptiniis of \hc StrpKyi,}, C:Jtx, and Ctrrtirtt are here 
appended, aaJ also a dcscn^-Miou of the varieties ot prcvluu.sl\ l.iv>'.vr. ^pcLici. 

LIST OF CULICIDAE AND OTHER D1PTP:RA TAKEN AND BKED 

BY Dr. dutton 

J. CVLICIDJE. 

t. Jiufikaii tnttBt, LoBw. 

lA. An^phtUs (eitaiii. Vir. mrfar n.v. 
a. Amfitks fkamnm. THeoBAt.u. 

). AwtfMa fiammi. Gtt,n. 

JA. AnopkiUi funritui. \'ar. umtmui n.v. 
JA. Amphtlfi Junestui. Var. subambniiu n.r, 
4. Sugmjia Jaiciata. Fabricius. 

* The old giaut yitffMa is Mw mUMM ml* Nvcral fcncra j mmHi mom in P]iTftorlMf««t plurmmh is CeUi^ and 
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6. SmguefU tihsftfhala. N. sp. 

7. Cultx kinutipalfiii . TiitosALD. 

8. Cuitx MmUimt, VmotM-u. Var. gamkextu. n.v. 

9. C«jw Amm. THnxMUa. 
lOa Cuiex anarmeitus. N. sp. 

1 1. CuJfx thalatsiuj, N. «p. 

IS. CiMx tigrUei. Grawdm*. 

13. Cidne ^6l(gfMU. WibtoiiaiI' 

14. Caifx fuctaituj. N. sp. 

1 5. LofucM^i ftiati/et. N. sp. 
1$. MMtuda Mffirmh. TmMAtit^ 

1 7. VranotaoM Miafida. Tmiomip. 

18. Ctrrtint ttrt i^^ f m . N. sp. 

B. fsrciioDin.iE. 

Pkkbtimm sp. I 

Tabanui dvrsnfilta. Walhj k. 

J>. GLOSSISIDAE 

CkutMa lamgifa^ii. (Who.) — v;ir. ttiimsUei. Wtsiwgou. 

I. Jtufitkf (uttiiit. Ixtew 
^. gmUtmit, Gun 

(Ent. Zeit. Berlin, ;$ (1866) Loew ; Mono. Culicid. I. i$7 (1901) Theo. Hand Bk. Gnau, ind 
|{dit. GiLis, 1902. g^ml.rHsii.) 

A number of tlii* species »om H,ithurst, many of them cauj>ht in the barr-icls, prison, anJ police 
i|iurtcrs. Government Hou»e ; &umc bred from larvae obiaincd iroiu a large pool sixteen to eighteen 
(eet in diameter. 

The imcp.'; ^h'-ii\ ^uriic v-r'-itinn in rci^.Trc) !n the intciT-itv of t!.c i-u^;.il .n^A leg 

omamcntatiun. One very marked niclanic variety occurs, which is described below. The spccimcnii 
were taken in October, November, and December. None were Ibuad at Baia or McCartlif Island. 
At Bathurst, Dr. Dutton ontjr obuined A. Wt4&J and a few A.fitr<m»s. A uto I hi- species .il$o 
(KTurfi .«t Cij^e Si. Mary, seven miles from Bathurst, where thcr** ,irc ,i fcv. luirii i il V'rc cding-placcs. 
Colonel GiLt* has described as a disiinci sj^eeies a specimen of A. aitahi sent me from Gambia by Dr. 
Buoocrr. 

1a. Anipktlti (Bstatis. LoiW 
N'ariciy mitu 

TboRHi dark brown to almost black, with narrow-cunrcd pale golden scales at in the type ; palpi, 
Vt'ilh feur pale bands, Vfiy iiarrotv ; the Iburth on the apex of the p.ilpi, very scaly at their base ; the two 
.tpical b.jnds arc < li r 1 tlu r, hut quite distinct. Abdomen deep black, with pale hairs, golden at the 
apex. Legs promincruiy i lack, spotted and banded ; forelegs with a trace of pale spot* on the icntora 
as ta the type, pale spots on tibiae, and a narrow band-like spot on the nietauisi, a yellow baud involviog 
both sides ot the joints at the metatarsus and iir^t tars.il, and at the first tarsil and second tarsal ; in the niid- 
tega the tibiae arc apotteU, but the urial banding is not dininct, nor are the ur»i banded in the bind 
tegs, and the tibiae and femora spots are not so wdl defined. 
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PLAI'E VI 



WINGS OF GAMBIAN CULICIDAE 













to 



1 . Anifhtlfi futuint, GiLi*. 9 var. 

2. .Intfhtiet funritut. 9 Typical. 
5. Anif*krlft fitnntitt, 6 

4. ."tnifiktlti fitHtituu Var. Mii9cAUrou 

5. Afn^ktln rAoJftieitiii. Thu>. 9 
(, AnfhtUi fidnraiii. Tmco, 9 



7. ,1»tpluln niimlii. Lotw. 9 

I. Cults ikaUuitii, N. if. 

9, C»lrx rmiU^nn, N. ip, 

10. AmfktUi rktiitunui, Thio. i 

(All X nine limCT except No. 10 which !• < iwtlw). 
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PLATF. VII 




Fi... I 



Aniifhtlff funnlus. GiLcs 
4. Head i , b. Head of 9 




Fig. z 

Wing of 9 J. nslalh to show vcnaiion, not markings. 
X i8 
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Wing* witk bUcIc* md fdlow-tcaled tttu, the fbmcr predbmtniiting ; the costs i« deep Uack, 
the Hooml only appearing on the k tnui as a small, almost white, spot ; there aie alto two small pale 

spots on the costa towards the base of the wing ; on the first long vein are six pale spots, one under the 
white cosul spot, the other arranged much as in the type, but the black areas arc pronounced ; the 
greater part of die thifd long vdn is pale and tlie second mosdf dsffc scaled, eicept for the pale patch at 
the base of the fork and a pile prr.tli (osvartls the .ipcx of its 1<>\mt hrJnch ; most i;f tlic fourth ihrk 
scaled, the lower branch of the fork having two pale patches. The fifth mostly pale scaled, but with 
three dark patches On the upper bnuch and a small one at the apex and another at the base of the lower 
and its Stem j sixth with thrse black spots i fiinge spots wy Indistinct. ForlMells and cfoas-T«ns as 
in the type. 

Length — 5 ram. Habiui — Gambia (Duttok). Time cf ceftuit — December. 
Olimwfl^RW^Desciibed 60m a single female in perfect condition. It forms a very distinct 

mcl.uiit v.iriiiy. The chief JifTcicntc fr ini .1 t'. pu ;i1 A- (eitalii is the- .ibt^cin c uf p.ilc costal spots, one only 
reaching the actual cosia, except n ihu base ; the whole wing field is darker, and the legs with more 
pKMHmnced spotting. The markings in the first long vein are, however, typical of the species. 

II. AnsfikcUi fktiatnuj. Theobald 
(Mm(. CaBtid. I, 169 (1901}. TueoBALo) 

Nine spedmeoa (seven 9 'a and two S 's) of this beautiful AmifMu ftom the fallowing localities : 

the barracks and prison, Bathurst, aiul un .1 m.ir>h Jt the h^ick of the town, McCarthy Island. A 
specimen was also hatched from a lanra taken in a pool, fifteen yards across, at Box Bit. The specimens 
show considerable variation in size^ one only measuring 5 mm. ; there is also marked variation in colonr, 

due o-idcndy to some Ctmtaining blood. One large pool alone, some Way from the town of B.ithurst, 
.itttd .IS .1 hrccJing ground of tli'-, -pcLits. This large Anofhtin iV->< nrfurn; .it Cairo, Central Africa, and 
in Palestine, and probably occurs all over Africa and in other parts of Asia. 

III. Anopheles fanestut. (iilfs 
(Afm. //, /.fr. School a/ Ttvp. Mtd. p. 50 (1900), Gii.rs ; ; CsFuid. I, p. 182 (1901), 'l"HniBALn) 

A large series of j 's and $ 's of this species were taken in the following places : — Baia, the Cape, 
and McCarthy Island. The species ocean in native hnta, and nuny were taken on the walls in the prison 

and in Government House at McCarthy Island. They were mostly taken in December. Both at B.iia 
.md McCarthy IsLinJ there were no ordinary or artificial brnJ'iig L,Touads about, except here and there a 
large marsh. At Baia the marsh was about two miles away from the town. At Cape St. Mary, seven 
miles from Bathunt, this small A»^tk$ occurs in numbers, and the larvae are here found in rice swamps. 
This species, to :.umc cxtcr.t, ri st:mMc:- A ' h-.JcAtmu, bt:t an .\i muc " c tuli from it by the pale fringe 
spots and by the pale scaled areas to the wings, and the more pronounced dark patches. The white 
palpal bands are also^ it secm i , wider apart in A. rh i t aa tu. Several of the specimens o( A. fimaiiu in 
this collet li m present well-marked deviations from the type. Speaking generally, the pale and dark scaled 
arc.is on the veins arc not so pronounced, and the base of the f irt-itl's h.ivc not quite the same relative 
positions. In my monograph (Vol. I, p. 186) 1 pointed out that one of the characters scpar.iting Fa/iejiiu 
from the larger RMettntu^ was the position of the cnisB-veins, this does not hold good, for in the 

FuaestK- froi:: G.uiiM.i I SnJ the cross-veins in some like Funt tui F Jcstribcd, in others like Rhe^esienssi. 
The supernumerary and mid may be either in one line as the mid may be in advance of the supernumerary 
and posterior. HMeiiairis has, however^ the vein scales dark, and the fringe unspotted^ and the third 
long vein always dark. The wingy are a/ams bi.<ck at the base of the costa, whereas, in most FuHtitus 
there \^ 3 pale costal spot neir thr b.ise. Fiouiiiu is also smaller than JUtdtMieiuu ; the latter has so far 
only been sent from Maslionaland. 
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II Ia. a. fntttMf. Giun 
Var. Vwinntt. Thio. 

CoMa bUc< at the base, unbroken 1^ the typical small pale spot. Veins with the dusk}r tales 
pr?d(iminjting ; the |ule scalcvl ;ircjs rc«.'r!ctcJ to the region of the iross-vcins and ba»c of the fork-fells 
and on the fifth long vein ; tlu ikird long vtin dark at m Rk«d(ste»iu. Win(( (iringc spotted a» in (be 
tjpe, but not so prominently. 

Ilia, A.fimtihtt. Gum 
Var. SiAimArwu, Trco. 

Costa bLick at the bise, unbroken bv any pale s|N)t. Duslcy scaled [ i r 1i>nitnating, but oot 
concrMted as in the tyft with the pale scaled areas. Tiird h^g petit f^uaUd in tie mUidit, and pak 
scaled areas also on the fourth, fifth, and sixth. 

{Syit. A«tJ. j6, I ;j, 1K9;;. Mclto. Culic. I, 189, 1901. ThfO.) 

Thiii spccica i» evidently cummon in Gambia, sptximens »huwinj{ great variation in ftixe woe 
taken in Bathurst in numbers : same in native hnts, and also in Etwopeaa dtvdKngs. Manjr aeen 

to have been hatched out from larvae taken in a tub of well water, and others from a canoe. This specie* 
was taken in Uciober, November, and December, and was ob»erved feeding, a» recorded elsewhere,* during 
the daytime (4 p.m.) 

V. SugHHfM tt^ewi. (Who.) 

Aai). Zcififiug I Hid. 545 (rSaS) Wied j jUSum. CttHe. 300 (1901) Tiuo. 

Three S \ and two 9 's Ijkcn near Balhurst. This Sffj^mxii3 can ri^i!'.- : il l by the »pi>ts on 
the meaonutuiu and the pale band on the tcmora near the apex. Hatched out from larv.ic taken in ground- 
nut gutters durinit November. 

VI. Sf/gfmyu ^bttt^itU. N. «p. 

Head cotrered with flat dull white scales, a small dusky patch on each side and a posterior semi- 

circular arc.i of dark upright forked si alcs. 

Thorax deep rich brown covered with jkcatcercd golden scales, showing more or less two dark eyei 
like spots ; n^cuiellum with amall flat white scales. Abdomen black with narrow basal white haads. Lep 
Uack, the hind tibiae Willi a marked .ipii il x^ hitc b.ind. 

$ . Head brown, covered with dull w ' i:c ft i : <Irs, with a silvery sheen,, 1 smi'l | m 1 \\ n'l 1 ir'v 
on the border about the middle of ilie eyes, and dull black itcales at the s.idcs, posteriorly are black upn|;m 
fiirkcd scales, giving the head a dark appearance of semicircular form, in frant the upright forked scslct 

are yellow. l'rol'H)M.is, palpi, and .intcnnae deep 1 !.ick ish-brown ; palpi w ith a trace "f .; p. lc Ivand on Us 
b.ii.d half, two apical joints nearly equal, with black hair-tuiis and alM) bUck hairs at the apex of the anii' 
penultimate joint. 

Thorax rich deep-brown with scattered golden narrow-curved si .iles, andshowing in ccrt.iin liglitt 
tw 1 :V;rl: c-, r-likc patches on the ground surface ; scutcllum covered \\ \\\\ snull flat sbiuy cfeamy*wkrie 
scales; pleurae brown with patches of grey scale*; mctanutum deep clear brown. 

Abdomen black with basal white bands which spread out later.illy ; venter black with broad htfil 

white band* ; dense!) clothed wilh long brown h.iir>. 

I^gs black, unhanded, except \<>t a dear, rather broad, while apical band to the hind tibiae. Coxae 
brown, bases and tenter of the femora grey, ungues of the fore and mid legs unequal, the larger uniicr- 
raccd. titc smaller (f) hind nngacs rather bmg, curved, equal, end simpte. Wings with the first subinargmd 

• hkm, Caluidtt, VoU i, p. (o. TNraSAt*. {tftti). 
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cdt longer md narrower than the second pMierior cdl» its htse nemr the base of the wing tluit that of 
the hitter, its stem not quite m» long as the rell ; stem of the sci ond p >stcrior as long as the cell { ponCnor 
cross-vein atxtut half its own length dUunt from the mid croas-vein ; halteres with yellow Mem and 
bligbil^' iu!>cuus knub. 

L/Mpi — 4'$ mm. Htkiidt. — Gambu. Time »f t^ftdrMtt — November. 

Ohifnath'K Tic crihcd from a single pcrfe r nui'.-, bred by Dr. Dutton- from a larva found in a 
canoe. This Su^myia very closely resembles Cul/x univittiUtu mihi, and might readily be mistaken for it, 
OD acoonnt of the ca«$(Hctton> hind tibial banding, but an eiamtnation of the head and scutellum reircala 
JUt KKla only. The pale head and white ahiny acutennm with the brown thorax form also striking 
chsncten. 

VII. Cu/fS hhsuti/idlfif. TutOBALD 

(.l/t»«. CuilcU., Vol. i, p. 378 (1901). "PHtOEAI I)) 

A scries uf this species, xvhKh I described from suinc specimens from Masliuualand, were hatched 
out liy Dr. Dotton (ram larvae taken in the water of ground-nut insect traps, gutters Ailt of water 
.iround the ground-nuts. Other specimens ucrc h^tclicd from a amall dug-out poot in a rice BWamp. 
The specimens hatched out in November and December. 

The abdomen in thesis much better marlted than in the 0rigin.1l i>pe. A (rcsh dcacription of 

the male is therefore appended. 

$ . I'.ilpi black, with four ivh'tc 'm ..!., tin: (■•, ■ Tptcil onc^ on the b.isc of the List two joints narrow ; 
last two joints with dense tufts of h.iir, hairs black, except at the ajscx, where they are pallid ; the 
nniipenultimatc joint is abo hairy down to near the first white band ; antennae banded black and grey, 
with dtep-briiwn pluine-hairs ; proboscis with a narrow while band. 

Thorai as in 9 . Abdomen b'.ack, the second to the Afih segments with basal white bands, tlic sixth 
and seventh have the basal band ^prcad i n g down each side, the last segment with a Insal median white spot ; 
apical hairs golden ; the^x are also white lateral linear prolongations of the basal bands to each Segment { 
venter covered \\ ith pale creamy yellow scales ; Ic^s much a» to thc$ } fore and mid ungues unetpial, 
butli uniscrratcd. 

Wings paler than in the 9 ; first submarginal cell longer and narrower than the Bcoond posterior 

cell, the bases of the f)rk-cclls nearly level ; stem of the (irst suliinargiiial rather more than half the 
length of the cell ; stem of the second posterior as 1r>ng as the cell ; pi'stcrior cru«s>vein about its own 
length distant from the mid cion-vein. Halttres pale, but the knob sli^luh tinged. 

AW.— Freah apecimeits are much dai kcr than old ones. The proboaeia band is narrower in the 
male than in the fcniale. 

VIII. f?.v//.v a«nii/ieiii. ThiobalD 
Var. Gambimit. n.p. 

{MtM. CuStttLf Vol. i, p. 371) 

Proboscis with white band. Thorax brown with narrow-curved pale brown and grey scales 00 

the front two-thirds ; narrt)w -curved black ones on the hinder third of the mcsonotum ; the pale brown 
scales in front form more or less a distinct median line, with a narrow pale scaled tine on each side 
and an indittmct darker l»oad line on each side of the narrow pale line, bounded laterally by mostly pale 
scales { the scutellum, as in the type, with small black scales at the ba>c of the mid-lobe and grey ones 
on the apical portion ; mctanotum bright amlwr brown. 'I'hc abdomen is like the type, but the 
triangular ba&al white i>put» arc very indistinct, but can be detected on each segment by a few white scales 
when examined nnder the microscope. 

The band un the prolvjscis is not quite so broad at in the tj'pe, and the stem of the first aub- 
marginal cell is very nearly half the length of the cell. 
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L/ifg^ — 5"5 mm. //<;i/^<if/— Gambia (DtrrroN). Timf .iz^tur,-— ) .r 

Observations— Virf^iiwWA from a sinxlc female hatched trom a lana taken in water in a nee fieli. 

It rescmblc» the t^pc eicept in regard (o ihe culour tA ;i>c ihuracic »caks ihoras is 
chmcteriiticalty onMiaented, ander a lens llie first pan (two-tliinis) looks uhf ^< more or less 
ornamentation, as dcM.ril>eJ, mat l< *een on tareiul ciaminatior., the paler anterior area is clearly trarked 
off from the dark acalcd posterior thirtL It i* andoubtedly only a rarierr of tiie species 1 described as 
C mwSwit, ftom Salrsbor)-, MashonaUnd. 

In the structural ti>;are of this species in the Miatg^^ tf Cm^eidte, tg. tty, p. 372, vol. I, I 
fif'ured the palpi a^ thrcc-j.jintcj, the ai.'i<:al joint being characteristically swollen and truncated, tklfl M 
reail)' (be penultimate Juint, the apical joint was mi^Mng, I £nd the apical joint is long and thi<.k. 

IX. CuUX dlUli»t. THtuSALO 

M'M. CaSfid. II, f. Jti (1901 )• Two. 

A large acrin of (h» moaqaito were talten at McCarthy Island and Batharst Some were katched 

out from larvae taken in a lanoe on the foreshore, other* from a tub of well water daring Octot^cr. 
November, Deieml er, and Janiui7. This is evideoil} a common West Alhcan insect along the coast ; 
I have not at present aoen tnjr 60m intaod. It was fband to be one of the hnaia of Fdaid meaawt bv 
Dr. Dtrrrov. 

This species is subjo t toconsiJcrjl'lc v.iri.ition, both in size and in thoracic ornaTtcntation. In .some 
specimens brought back b/ Dr. DurroN the thcwax shows nu omamenutioo at all, others have the thorax 
adomed a* I described in the AAamnyi tftke Ca&£idat. 

X. Cmbx Murmutmt. N. sp. 

Thorax dark brown to brown, with two darker median parallel lines on the denuded surlaee, covered 

with pale, dull golden, narrow-curved scales, showing faint longitudinal arrangement. Proboscis with a 
pale creamy band. Alxlomcn hruun, with curved basal white bands. Legs brown, with iaint apical and 
baaal pale banding. Ungues ccjual and simple. 

9> Head brown, with narnmr<curved, pale, creamy-gr^ scales, brown opright Ibrked ones and 
small flat white ones at the sides, and uhitish curved ones round the eyes. Proboscis brown, with a 
median pale band very distinct beneath ; palpi black, with a few white scales ; clypcus bi^ck ; antennae 
dark brown, basal joint testaceous. Thorai brown to almost Mack, covered with narrow golden curved 
Kale* somewhat paler behind, to some extent arr.inge.l Inngiiudinally ; sculdlnm pate brown, with pale 
n.irrow-cun-cd scales { meunoliun deep brown ; pleurae pale brown and cinerous, with a few ptchcs of 
grey scales. 

Abdomen deep brown, with curved white to creamjr faaael baad» { first segment nndc^ seve for 

two iiiedi.<n patches of black scales ; border-bristlen pale ; venter white, with narrow apical bonier of 

bruwn states. 

Legs brown ; femora pie ventrally, apex of tibiae white, base and apex of metatarsi and first ttR o 

tarsals pale banded, also a white knee sp>t on the liiiid Icg> ; femora and tibiae bristly ; ungues c^ual an J 
simple ; hmd tibiae about the same length as the hind metatarsi. Wings with brown scales, those on 
the third and filth being the darkest ; first ^ubula^ginal cell longer and a little narrower than the second 
poMeiior cell, its base a tittle nearer the base of the wing than that of the latter, its stem half the length 
of the tell ; stem <>f the second postttior about iwo-tliird the !'ii^;;li ifdic- , r"! , jn-urior .^0-5 vein ;.ht<ut 
its own length distant from the mid cross-vein. Tie mfiiium cein iieles cj tif tiiri^,^/ii,»nd to some extent 
the lower branch of the second Ibrk*ccl1, rather laiiger than in most Ciukr, and veiy dark. Halteies psk. 
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Lwgrf 4 'S ttin. 

JMiM — Freetown, Sierra Leone (Au»Tf n), G*inhi» (nurroN). 
Time ef faftkte — SeptemlKr (Freetown), Auixtv ; Gambia (in Novem!'i, r), Duttov. 
Oiuivatiem — Ues<:ribeJ (rom » single female tmni Freetown ; bred Ironi ivatcr io a drain by Mr. 
Avmir. 

A spci'mcii ^cnt mt- Ir I")r rmv, fti,-ii C iniM.i, is evidently (his species, but it i* lalhcf 100 
djimAgeU to mj- de6nitcly. Dr. DirrroN found a filarial embryo in the tiiancic miuclea. 

XI. Cnlex thalatiiui. N. sp. 

Proboscis with a narrow median white band. Thorax dark-brown, with narrow deep golde.<-bown 
Cttcved (tales. AMoraen dark brownhh-bbdt, with narrow basal grey bonds, often absent ; penultimate 
Mgmcnt with lateral white spots only ; pleurae ven.' pale grey. Legs deep brown, with faint pale bands 
tf> tomr . .'' the mid and fore tarsi ; apices of tibiae pale, hind 1^ unhanded. Bases of the fork<cells 

nearly level. 

9 • Head deep brown, with lumw-curved, pale peyisk scales and Mack upright forked ones { 

palpi black ; proly>!*ii* black, with a narrow distinct pale band ; antennae brown ; clypcus black. 

Thorax deep brown, with narrow rich brown curved scales ; scotcllum brown, with narrow golden- 
brawn curved scales, and deep brown lxHrder>bristles ; pteuiae verj' pale and shiny grey ; metaaotum deep 
bfoWA. Abdomen black, w iih narrow bdsal white bands, or unbanded with traces af besal white latetal 
Spota^ Venter dark, with broad basal grey hanj;^. 

Legs black, bases pallid, also venter of femora, apex of femora, and to some extent (he tibia, pale ; 
tarsi and metatarsi with lurrm pale haaal bands, indistinct on the last two tarsi ; hind metatarsi and tibiae 
of about equal length. 

Wings with the veins w4th brown scales ; fork-cells rather short, their bases about level ; the first 
submarginal a little longer and narrower than the second posterior, its stem a little more than half the 
length of the cdl t item of the second posterior about twothitds the length of the cell ; posterior croai- 
vein nearly twice Its own length distant from the mid. 

Lfnffi — 4' 5 mm. Haii/at — Gambia. Timt»ftaftun — October and November. 

O&mwMitt-^DeMuribed from a series taken and bred bjr Dr. Duttow. The larvae were mostly 
i.iken in a drain of tidat water, and others from a pool in a mangrove swamp ; others from a canoe on the 
foreshore, and some from a pool of tidal water that had soaked through sand into a drain. 

The species very variable \ some show distinct abdominal banding, others none at all. It 
somewhat resembles C. Aowit but is smaller, more fragile, and the Icp have odIx fsint basal banding, 
and the fork<ells arc slightly din'crcni. 

This species and C. datttm come very close together, but the/ are certainly distinct. 

XIL Cukx tigri^ti. Gkanopke 
{]Lt$ Muatifm. (i90t.) GMMom. Mm. CuSftJ. II, p. 34. (1901.) Thsouid) 

A series of ten f 'sand 9** taken at Bathorst and McCarthy Island during October. Some 
specimens ivcre taken on the sides of a discarded well ; the majority were hatched liom fairvae taken tn 
canoes, and also from .> pnxl. 

This large spotted-legged Ca/f.*, with its apical paie abdominal baniis, scents to be generally 
distributed over Africa, but so far has not been recorded lurther south than Natal, as well »» occurring 
in Mauritius and Australia. It is the species that l>r. Bancroft calls the ' long-lived mr~;q-.iito.' SoOM 
of the specimens are very snuU, not more than 5*5 to 6 mra., others are a^ much a» 7 mm. 
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Xlll. Cultx fatigMt, WitD. 

Thi* comniun household Culex ore lus in abundance in Bathurst, and was taken in numbers .is 
usual inckxirs. Some were hatched from larvae ' (rom an old tin,' other* ' from a mcU/ * trom a rain luh,' 
*froiii water in rice field at Cape St. Mary,' ' ftom wd] in Goverament HiMue with lieaptof grccB riine.* 
This «pecic( Mcms .ibund.mt in the pison at Hathurst, and hat been ahown bf Dr. Dwttom to be (he 
interniciliate ho!il of b'ilar'm nvtuma, as wet! a» Culex Jutttni. 

'rhey were taken in Uctobcr, November, December, and Januar}'. 

XIV. Cultx nulMitt. N.tp. 

Head brown with grey scales, most distinct aroand the eyes. TbaraK bmm with uwnf-bimvn 
•Ciles. Abdomen brown, unhanded, with baial white lateral spoia, which show doiMllf on the lut lew 

acgments ; legs bruwn, unbandcj^ b.i^ally grey. Sixth long vein rather close (u tlie fifth. 

9 • Head dark brown with narrow-curvcd dull-grey scales, rather wider and paler around tl.c eyes, 
and with dartc vpri^ Ibrlted-Kales ; proboKis and palpi daric brown : antennae dailc brown, basal joint paler, 
'i'horax brown with very sm.all n.irr(>\\ -curved scaieaof a fawny^brawn to dnil brawnisb-grey hoe, and 
with d.irL-brown bristle* s scntclium paler brown with narrow -curved grey scales \ metanotum brown % 
pleurae pallid. 

Abdomen brown, nnbanded, with basal white lateral spoils which are pronounced, and which 
♦hon' dors;illi ■111 Ijj'a ■;i-5»mcnts. Venter, brown iili .!u1! frL'\ 1 !Mn,i-< ; V i^rdcr-brisile* and 

hairs brmvn, except at the .ipcx, where they are pllid ; the denuded surface of the abdomen has a thioy 
and atmewhat pale steel coloor. 

Legt brown, unb.mded, a faint pale knee spot on the hind legs and traces of a pale apicj! tib;.il 
spot J baits of the Iti,:- :nij centre of the fcinura p.illid ; htii i iiici it.irsi about the tjmt length as the 
hind tibiae ; legs with a tew bristle*. Unj;ue,H small, e4u.1l and simple. Wings with deep-brown scaki, 
costa very dark ; first aubnuiiginal cell longer and narrower than the second posterior cdl, its base vertr 
slightly nt.ir< r t; <- base of the wing thin thit of the second posterior cell ; its stem rather less than hilf 
the length of the cell j stem of the second posterior rather more than two-thirds the length of the cdl i 
posterior crott-vetn longer thnn the mid, nther more than its own length distant from it } the tilth 
long vein run;, parallel with the fifth at its base, and it rather closer than ntoal to it. Halteres brown, 
with dense white sc:i]es. 

Lenpk — 4. mm. tiabiuu — Gambia. Tmt tf «^tt — October. 

(Waf r wi i ftn / Described from two perfect 9 *t bred by Dr. Dutton from larvae talen from poola 
at Box Bar. 

It is a very small fragile-looking sperics, unlike an} other I have seen from Africa, and to some 
extent approaches CiJtx nigritntm Zrrr, but is very di&tinct in regard to thoracic scale structure and vena- 
tion. The tj-pe it deposited in t^e British Museum (Nat. Hist.) Coltection. 

G«MUS Ldsitrmff. New. gen. 

Head clothed with similar xales to Cidtx ; antennae with the basal joint with a few scales : plpi 
short in both sexes. Thorax clothed with narrow-curved scales. Abdomen clothed with flat scales and 
kr^e fnjtiUn^ftat kurai itaia,uith dt€i>iy dtHtaUafU€t, \j\ xnovK or less tufts. Wings with lypcal 
Cukx scales and venation. 

This genus is separated from Cfdtx on account of the pecnBar and charactcmtic lateral acako on 
the abdomen, which give the insect a ragged appearance. 

A single species only at prtjcut occurs, L. jnntH/tfi from West .•\frica. The i is unknown. 
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XV. LmmrnHft fti^^. N. tp. 
Anterior half of tkoriv with ashy %Kf aciles and chesinut fafown ones, the Ibrmcr towardie the edge 

of the pjlc area, p>stcri<>r p.irt of the thorjx J.irk broivn with brown scales. Alxlomcii bl.ick. Willi ba*;il 
white Utnds. Proboscis brown, with a paie inedun band. Leg!^ deep brown, the feinon mottled \vitk 
ci«ainy Kales, the tibbe with a row of pale apols, metatani and tarsi with narrow basal pale bands, which 
to wnne extent inv<.'vc the apices of the preceding .scjjmcnts. 

9. Hciki dark brown, with narrow-curved pjlc grc}' Si.ilcs, brown jnd ochr.iccoii!> forked i^.ilcs 
aitd sin.)U fljt grc) on*:* at thv »ide» ; unicmuc Inuwn, l>a»,d joint bUi.li on the inside, with siu.ill white 
scales, and with a grey sheen on ihe outside, second joint bright testaceous % palpi black scaled, with 
•pic.ll grey scales j pfoboscis black scaled, with a pale mediao band ; clypeus deep brown, with frosty 
A I sen. 

Thorax blick, the interior two-thirds chithed with narrow-cnr^cd grcv stales, p.ilest at the 
posterior edge of this pale >c.i)cd jrca, where ihci furm .1 wavy line ; posterior portion of the nicsnnoluni 
« !th narrow-. iirvf.i black and brown scales and numerous black bristle-. S. titf'llut:i inciw:!, v, ith n irrow 
cur\cd dull creani)' scales, artd with eight black bordcr-bribtlcs to the mid lobe ; pleurae bla<,-|c, with 
patches of white scales and pale creamy hairs. 

Abdomen black, with narrow basal bands of white stales .ind very large and peculiar while and 
ochraccous lateral projecting scales ; posterior border-bristles golden, short ; venter black, with white 
scales, dark brown^ the femora spotted and mottled with pale scales, the tibiae with small creamy 

spots } meutaisi and tarsi dark brown, with nurow pale ochneeons bands intmlving both sides of the 
joints. 

Wings with typical brown CuUx scales { surface of the wing with minute bristles : first 
sttbnuigiaal cell longer and narrower than the second posterior cell, its base nearer the base of the wing 
than that of the latter, h- ^tLI^ ilcut one-fourth the length of the cell ; stem of the second posterior not 
quite one-third the length of the cell. 

Supernumerary cross-vein not level with the mid cro»»-vcin, a little nearer the base of the wing ; 
posterior crass-vein about two-and-s-half times its own length from the mid cross-vein ; sixth vein rather 

densely s^calcd. Haltcres dusky ochre. 

LfHgth — 6 mm. Haiitat — Bonny, Wc*i Africa (ANNtTT), and Gambia (Dutton). Tim* «J 
<apfure — July (AnirrrT), December (Dtrrrow). 

ObifiratiiH! — Described fr<)tn a single 9. somewhat denuded but easily told from all other 
Culicidac by the curious abdominal lateral scales, which are ccrtainlv of generic importance. The spotted 
Ic^ti give it some rc^mbLincc to Cukx tigiifa, but the banded tarsi and probo!icii> and general ornamcu- 
tation will at once sepante it. 

XVL JWnwMtw mmjtrmii. Thedbald 

,\f(!ns)n:a tifriranm. THFOB*Ln 
{Mom. Cu/itii/. II, p. 180 {Vniformii) and p. 1 87 {Afrmmu,) (1901) Til to.) 

The collection contains ten specimens of this abundant African M«iii<mia. 'I'licy ivcre taken at 
McCarthy Island, in the marsh at the back of the town, and were noticed to bite vay vicionsly. A single 

specimen was also taken in the prison at Bathurst, in October, (he others were -taken in December. 
Dr. Dakiels has show n this MiimoHia to be an intermediate host of the Filarta. 

After carefully comparing a fresh scries of South Indian and Ceylon Mammia with the ones 1 
described as M. aJHama (Mum. CiM/. II, p. 1S7), I am convinced thqrare the same as the Indian 
J/, unihimis. M. titikiiHui must, therefore, sink as a >y noiiym of M. uaijirmii. The thoracic ornamentation 
vcr^ soon becomes destroyed, and the thorax has then a non-ornamented or uniform appearance. 
I 
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XVII. Uiaitotatnia tttrakit^ksb^ TmoBAiii 

{Afona. CnJiaJ. II., p. t^6, 1901 

I hjvc dc-icrihcJ the 9 'his spc( ics Ini: n if the $ , x dcMriptioti of which is here given : — 
t ' Thorax like (he t'etnjie, but ihc nieiiillic patches in front and the lines in frunt uf the win|^ 
veiy pale bine in certain lights. The head is brawn and deep violet in the middle, with pie bine tcales 
on cjch «.iJc ; palpi brown, proboscis brown, swollen at the apen ; .mtcnnac b;indcd brown and deep 
brown, densely brown plumed. Ahdomcti showing j pale apical ventral tput on the fiith segment ; paler 
ventnlly than domlty ; lore ttngnc» nnetjujl, the larger aiekk-abaped simple ; mid and hind apparentljr 
equal and simpk, irregularly curved. Wings with brown vc«S| a line of metallic Aat pale blue and 
violet si jIcs Jt the base of (he cosl.i and .mother Jt the Kisc of the filth long vein, posttrior croM^cin 
twite iu own length distant from the mid cro»s-vein \ hahcres with pale stem and brown knob. 

Lfnffk 3 to 3*5 mm. MsteMt— Gambia (Bwetofrr?) and (DvtTon^). Tmt ^ m^rt^ 
December. 

Oismnt^m — Thesis dc*tril>cJ tro:n two fiirly perfect specinMns caught in a ni.irsh behind the 
town on McCarthy Ittbnd. I fed certain trom the thoracic ornamentaticm it is the in.tlc of ciuruleicefkaLt 
(mihi) described from Bonny. The chief difference from the female ties in the head being deep violet in 

the niijillt, ,1,1 nf pill Ml,:!; .ill 'V\\t ir s r V f .! 1 v V-ri£;!:t 'n-..wii tfinr.ii if.c ;iir:;.iri' '-.it!: nnd 

pale blue ornamentation should at omc separate it. I had to mount some uf the legs uf the ^ type in 
balsam to make anything of the nngncs. In doing so I misplaced lhem» so am not sate if the anlerior 
or mid nngoes are uneqmil. 

XV'III. C.ortthu: (fratcft-rfinr!. X. sp. 

9. Thorax pale brown to fawn with darker brown markings ; metanotuni pale che»tnut-brown ; 
pkmrae pale fiiwn and cinerous t head brown, proboscis and palpi bmwn, with numerous rather long broivn 
hairs ; antennae banded brown and grey. Abdomen rcr. ]m!'j fawn tO cinCnmSi with narrow dark bfown 
apical borders to the segments, and dark brown at the sides, only partly, however, on the last ttvo apicsl 
segments ; abdomen hairy ; apex dark brown ; lamellae brown. 

Legs multibanded, with bTOwn and fioaty grey on the femon and tibiae ; fine femora with six da^ 

Kin.!«; ind .ilso the lore tibiae, apex and the basal band of both, pale ; nict.i:.;i -'."s and first three tarsi 
banded » iih dark brown in the middle, apical joint pale, ungues very small, simpic, and Ojual ; mid (emora 
with eight dark bands, tibiae with six, the tarsal are broadest, base and apex of both joints pale ; metntaisi 
and tarsi with very broad >l.\rV. inc.l'.an '>)iu!« ; ungues small, equal, and simple ; hind femora with eight, 
anJ Iitnd tibiae with seven d.irk bands, base and apex of e.ich pale, metatarsus with two median dark I'.inds, 
tarsi with a single median dark band. Ungues small, equal, and »implc. Wings densely clothed with long 
brown hair-like scales, with three dusky paicKes on the costs, the median one where the sub-costal joins 
the tosta spreading on to it, the i] i it i>nc spreading on to the first long vein, the basal one rather indistim t. 
the median spread across the wing-field as a (ixni dusky band ; the third long vein is iaintly darker 
than the rest. Wing tringc long and dense ; first subnurginal cell considerably longer and narrower than 
ihe second posterior cell, its base very siighll) nearer the base of the » ing th.in that of the second po?-- 
terior cell ; its stem alwiit one-fourth the lcngtl> ot the cell, not quite ^.l li>:it '> (Ik* stem i f rf e second 
posterior cell ; »tcni of the latter les;^ than half of the cell ; the ^iccund long vein carried a tong way past 
the maiginal cross-vein ; supemnmerary and mid cross-veins sloping towards the apex of the wiof j pos- 
terior and mid cross-veins in one line. Haltcrcs pale. 

/./•ir^M -2 5 mm. Habittt — Gambia (Dr. Di«rroN). Timt a/ tafturt — December. 

Q^z/'/T'itAM/— Described from a single ^ taken by Dr. Dtnrtoir m the side of t tub on McCarthy 
Island. It b the only AIncsii CtnAr» known, and can easily be told by the wing ornamentation aod 
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leg banding. The specimen U described partly from a igrlol>ln]iaiii prepirAtion. The moBth IB provided 
with very distiiv t pirrt ing hntrts. It comes mo»i ntat Cmtirt inaSnuift but can' at once be 
wpani^ by the leg banding, wing venation, and spotting. 

The gfcat eiica*i«n of the Mcond long vein pMt the nuiginal tnnsvene vein !» a uxf maifced 
cluaicter. 

OTHER DIPTERA 

Pk!,-l>ctmiu. bp. i 

Several ftpccimens of a laife ' owl-midge ' lutched out troin pupae, taken in November and 
December fna a dnek pond. The apeciea ia probably new. It aeema to be comnion in Weat Africa. 

TaboHUi Jamvittt. Walker 

Two specimetis of this common West African gadfly, which bitea eeverdy, uken in numgrove 
awamp* and caJled by Dr. Dutton the Urge Mangrove fly. 

G/utiaa hngifia/fii. WlfeMMMrn 
Var. tachiutfiiti. Whitwooo 

Eight of thi» Tsetse fly were taken by Dr. Dun-ON in November. It bitea viciously along tite 
river. It ia cloady related to the GAriMw higipaipii, Wuo., bat cmiatiiulaa a diatinct variety. It was 
described by Wkstwooo as a distinct species. Mr. Austin treats it a$ « varie^of the type. ItB 
poHible conneaioD with the DjfM»tamM in nun has been tefisned to before. 



PUNriO ir DONALD FRAStR, 37 HAHOriR. STSXET, UVCWMOt 



Publications of the 
Thompson Yates and Johnston Laboratories 



The following Reports have been published : — 

Vd. I. 1898-9. Vol. IV, Part i. 1901. 

Vol. IL 1898-9. Part 2. 1902. 

Vol. Ill, Part 1. 1900. 
Fut a. 1901. 

NEW SERIES 
Vol. V, Part I. 1903 



Publications of the 
Liverpool School of Tropical Medicine 

M!:m()IR I 

Malarial Fever: its Cause, Preveotion, and Treatment Coauining full Dcuib for 
the Use ofTravdlcrt. Sportsmen, Soldiers, and R«»ident9 in Malarious FUccs. By Rosaib Rom, F.R.Sw, 
F.R.C.& With Ftontispicoe and Plate. V>. as. 6d. 

MEMOm II 

Report of the Malaria Expedition to Sierra Leone (tSgg), By Rowaid Rom, D.P.H., 

M.R.C.S., H. E. Ann(tt, M.B., D.P.H., and K. E. Ai stin. Iking a full .icLouni of the first cxpcUition 
of (he School, and conuining besides much matter relating to the parasites of malaria, to the gnats which 
carry them, and cmhtxlyitig Mxnc previous ob^rvatious of Major Ron in India. Illustrated hy four maps 
and live fiill-pt^ oollot}'pe9. Quarto. Ptke a la. 

MFMOIR III 

Report of the Malana Hxpcuuion to Nigeria (1900). R} li. E. AsKkn, M.D., 
D.P.H., J. EvsRiTT DvTTON, M.B., B.Ch., and J. H. Eluott, M .D. Pan I. Mtbtut Feetr, etc. 

Giving a full account of the expedition, with numerous views in the text, charts, mapSi and tWO plalOt 
and conuining much matter of general inipurtancc. Quarto. Price lot,. 6«l. 

MEMOIR IV 

Report of the Malaria Expedition to Nigeria (1900). ih< mu . th . r P it il 

fiigiiaib. Containing manj new observations ujxjti Eilariac of Birds, v\ith numerous liiustrations and 
nineteen plates, live of which are coloured and pve the mkroacopical anaiom}' of the head of An^Mit 
muiU (by Dr. Dutton). Quano. Price 1 ja. 



MEMOIR V. PART i 

First Progress Report of the Campaign against Mosquitoes in Sierra Leone (190X ). 
By Major R. Ron, K.R.C.S^ D.P.H., F.R.&, dated 15th Ckiubcr, 1901, giving dcuib of the commence' 
nwnt of the Campsign, mth a letter from Dr. Oanuu regarding the rotilts arrived at to date. 8*. Price t «. 

VrrMOIK V. CART 1 

Second Progress Report of the Campaign against Mosquitoes in Sierra Leone. 
By M. LooAK Tatlor» M.B.» dated i;th September, 1901. 8'. Price is. 

MiMoik \'ir 

Report of the Yellow Fever Expedition to Para ^900). H. E. Duruam, M.B^ 
P.R.C.&, and the late Waitm Mvnu, M.B. (Dr. Walter Mym died of Ydlow Fever whilat aorving 
on (hi» expedition). Qnarta Price 79. 6d. 

MEMOIR VlCl 

Report on the Sanitaiy ConditkMw of Cape Coast Town. With auggestions a» to 
improvement of same, hy M. Logan Taylob* M.B., Ch.B. 8*. Pk-ice la. 

MEMOIR IX 

Report on Malaria at lanailia and Sues. By Ronald Roh» F.R.CS., D.P.H., F.R.S^ C.B. 
8'. Price 1*. 

MF^ff>IR X 

Report of the Malaria Expedition to the Gambia. By J. E. Uuttok, M.B.» Ch.B. 
Quano. IVice io«. 6d. 

MISCELLANEOUS 

Notes on Sanitary Conditions obtaining: in Para. B>' the Membera of Tub YnLcnr 

FfiVfa ExFEOiTiow. Price is. 



Published for 

The University Press of Liverpool 

by 

LONGMANS, GREEN & CO. 

39 Paternoster Row, London 
New Yoric and Bombay 
1903 



Digitized by GoogI 



Digitized by Google 



r 



> 



Digitized by Google 



4 



* 




Digitized by Google 



